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Introduction 


About  Au,^ust  1,  19^3>  .albert  L.  Elder,  ChoinicL..l  Division,  ‘'’'far 

Production  Board,  usnod  the  Agricultural  Rosoarch  Administration  to  make 
such  preliminary  tests  as  would  provide  a basis  for  an  estimate  of  the 
potential  agricultur;  1 usefulne-s;.;  of  a product  of  the  Shell  Company 
as:  DD  m.ixture,  proposed  as  a new  soil  fumigant. 

The  Agricultural  Research  Administration  sot  up  the  committee 
vfhich  has  prepared  this  report,  to  plan,  coordinr.tc  and  intcrorat  such 
tests.  The  exoeriincnt  s e-.^or^  erried  out  in  widely  separ' ted  p:  rts  of  the 
coiAntry  in  order  to  provide  a diversity  of  soils  r,nd  pests, 

lat  mixture,  the  meteri'  1 tt,sted,  is  e mixture  of  1,  3"dichloro-> 
pronyl' ne  " nd  1*  2-dichlorooroprn.e.  obtained  as  - bvnroduct  in  the  menu-  e 
fr'cturc  of  ollyl  o.lcohol  from,  petroleum.  Its  usefulness  as  a soil  fumigant 
was  first  announced  by  Dr.  ''';'lter  Carter  (Science,  Apr.  23,  19^5)  O- 
r:,su.lt  of  sever: -1  years  trials  'vt  the  Pineapple  Pesoarch  Institute  in  the 
.n''wciia.n  Isla.nds. 

Th-..  composition  of  th'.,  mixture  es  j.iade;  available  to  experimenters 
hr  s varied  to  some  extent,  according  to  information  rocc:ived  from  llr. 

L.  V.  Stock  of  the  Shell  Development  Company,  practically  all  of  the 
mrtcri'.l  provided  for  the  tests  re'port  d here  contemns  about  pO  to  53 
percent  low  boiling  and  50  "to  33  percen,t  high  boiling,  1 , 3~dichloro- 
propylene,  about  30  35  P-^cent  1,  2-dichl®roproponc  and  about  5 percent 

heavy  trichlorides  of  propane.  These  proi'^ortions  tnus  diffe'-r  somewhat 
frj:;i  tnose  of  tne  mc.terial  reported  on  by  Dr.  Carter.  a number  of  the  cyi- 
perim..nt..rs,  us  indice.tcd  in  the  report,  redded  cn  emulsifying  agent 
to  mc.ke  the  .;iate  rir.l  miscible  vrith  wa..tcr.  In  a fev.r  instc-ncos  the  material 
war;  distilled  to  get  rid  of  the  Ik. ■ vy  trichlorides,  but  this  did  not  scum 
to  ch'.nge  the  eff  cctiu'cnc  ss  ra.t  ..ri''.lly. 

The  committee  in  this  r.porb  has  used  the  term  "crudi  DD”  or 
’’straight  DD  mixture''  for  the  uiat'.miai  from  vrhich  the  5/^  heavy  trich- 
lorides had  not  been  eliminated,  r-nd”UD  emulsion”  for  the  undiluted 
mr.terial  with  on  cnulsifying  .agent.  In  a fev;  cases  reference  is  also 
nir.de  to  ’’distilled  DD” . 
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Thc  comp^-jiy  reports  th. .t  th'.  mixture  hr.s  th,.  following  chorncteristics 

Density  I.I96 

Pounds  pi-r  gul.  10 

Flash  point.  Tag  op_n  cup  30*^F. 

Distillrtion  ASTM  D-  68-I1I) 

Initial  93*^ 

Dry  155 

5^  101 

^0%  108 

95^  1U2 

Vapor  pressure 
0°C  10.1 

20^0  31.5 

50°C  SI. 6 

Lo^c  82.1 

The  structur-1  formul"  of  1,  3"dichloropr«pylcnc  is  given  as  CHCl  ^ 

CH  - CH2CI,  "T'nd  its  solubility  s 1.97  of  the  low-boiling  isomer  to 
the  liter  of  w,ater  at  20^0.  The  high-boiling  isom„r  has  a solubility 
of  2.17. 

The  formula  of  1,  2-dichloroprop"jic  is  CH2Cl-CHCl-CH;z , with  a sol- 
ubility of  2.80  gm  per  litor. 

One  cc  per  squ.erc  foot  is  cquiv:  lent  to  a dosc.ge  of  II5  pounds  per 
c.cre.  buch  c.n  .application  would  co'.-.t  ,',17*25  per  xre  if  the  me.turial 
should  bi,  priced  at  15p'  per  pound.  Ten  cc  appliad  at  1-^  foot  intervals 
equals  510  pounds  per  acre  and  wguld  c*st  ^76.50,  ot  that  price. 

Since  nothing  was  known,  prior  to  C"’.rtcr*s  work,  of  the  biological 
properties  of  this  mixture,  prelim.in.ary  tests  have  been  made  on  a.  wide 
variety  of  org-nisms.  Their  results  are  reported  on  later  pages,  grouped 
in  five  sections: 

A«  Effect  on  liematodos 

B.  Effect  on  fungi 

C.  Effect  on  insects 

D.  Effect  on  miscellaneous  org  nism.s 

E»  Precautions  to  be  observed 


Suimmary 


The  effect  on  each  group  of  org’^nisms  is  summ-  rized 
the  aoplicable  Section,  For  convenience  these  summ:'.ries 


rt  the  end  of 
are  reoeated  here 


* 


, 'V '-■ 'y"\' ^■<!.i 
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' ‘'’**** 

Conclusions  ns  to  the -uscfulncs 

Soil  Fumigant  for  Num^  1:o^''^rotitrol 


GiS  I 

of  tbs  D"D  mixture 


1.  ' The  D-D  mixture,  c.ithcr  in  crude,  purified,  or  emulsified  form, 

p rope rly-i^i^cc ted  or  sppli.^d,  proved  highly  'effective  in  control 
of  the  root-!cnot  end  the  mc'^dow  nemr.tode  in  srjidy  locja,  raid  silt 
loran  soils  of  rather  lov'  moisture  ond  lov;  orgnnio  content. 

2.  Th'-  D-D  mix'ture  oroved  only  ntout  35  to  < ffi  ctive  in  control 

of  the  root-!enot"  ncmetodu  in  EveTglndes  pert  of  high  moisture  (rrcund 
65'5)  rnd  higli  org  anic  ,(85  to  co'ntcnt. 

5.  Soil  moisture  content  c.bove  r certrin  lev^l' te-nded  to  retr.in  D-D 
ingrodientp  toxic  to  plrnt  grov.'bh  without  incrorsing  the  lethal 
effect  on  nematodes. 


3. 


In  these  prwlimin  ry  tests  it  was  not  possible  to  c-'.rry  the  plants 
through  to  maturity  so  1.  to  in  th^-  ser.son,  e.nd  to  obtain  final 
yield  r>-cords.  The  field  test  at  Beltsyillc  showed,  however, 
during  r growd:h  period  of  'six  w^eks,  a mrrked  increase  (125  percent) 
in  plcjit  groTJ-th  on  treated  c.s  compared  with  untreated  soil,  ■'‘fhilc 
Dr.  Ce rter  __reports  simil^'.r  favorable  effect  on  grov/th,  md  this 
effect  tends  to  be  confirmed  by  inform'.l  reports  from  cxperi'..ncc  in 
California,  the  oth>.  r similar  tests  by  collaborators  of  this  committee 
shoivod  no  increase,  ojid  more-  frequently-  even  r.  retardation  of  growth 
on  the  treated  plots.  The  cause  of  this,  behf.vior  is  not  yet  knov;n, 
but  it  is.  probable  tho.t  certain  moisture  and  org  nic  mr.tcrial  in 
the  soil  delay  the  dissipation  of -the  toxic  principles,  so  as  to 
make  necessary  a longer  interval  beuween  tr'-atm-.nt  and  pl'-nting 
th;  n -v/as  used  in  the  tests  referred  to. 

In  compr-rison  with  other  soil  fumig^'nts  'aio’-'n.  to  be  effective  in 
ncm"  tod-e  control,  the  D-D  mixturr  in  cffic-ecy  equals  the  b<  st  -and 
surpasses  then  in  "'t  Ic'st  the  following  qualities: 

a.  it  is  lover  in  price,  thus  for  the  first  time  offering  a 
fumigant  suitr-ble  for  economical  large  sc'',lc  field  use. 

• b.  it  is  less  da.hg;erous  ^nd  leSs  obnoxious  in  use  and  in  stora.gc. 
c.  it  is  easier  bo  '.nply. 

It  will  be  necessary  through  fu.rth  r studies  to  define  the  various 
conditioning  fe.ctors  and  tli-,ir  int errel “tionship  b^.fore  nll- 
inclusive  r-' comnendations  for.  the  use  of  this  fumigant  as  a coil 
nem-atocidc  c-ne  be  Furthermore  improved  applicators  should 

be  constn.iCted. 


6. 
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Con elusions  as  to  the  value  of  the  DD  mixture 
control  of  soil—borne  fungi 

• The  results  here  reported  of  preliminary  testa  indicate  that 
the  DD  mixture  possesses  sufficient  fungicidal  value  to  warrant 
further  study.  In  some  of  the  tests  it  was  found  effective  against 
I^isarium  wilt  and  certain  fungi  causing  damp, ligr?- off.  Other  tests 
gave  less  satisfying  results  and  the  character  of  the  data  nresented 
suggests  that  a full  knovdedge  of  the  conditioning  factors  for  high 
efficacy  may  prove  the  present  fumigant  also  fully  effective  against 
such  fungi  as  Ehizocton ia  solanl  and  Sclerotium  rolfsii. 

Conclusions  as  to  the  value  of  DD  mixture  as  a soil  insecticide 


1,  DD  shows  definite  promise  of  value  in  the  control  of  wire’rorms 
in  the  irrigated  areas  of  the  ^'estern  States. 

2.  Minimum  effective  dosages  have  not  yet  "been  worked  out  hut  indi- 
cations thus  far  are  that  its  use  may  he  economical  in  the  case 

of  valuable  crops  to  he  planted  on  infested  soils.  It  is  probable 
that  considerable  ’quantities  cen  he  used  for  this  •'mrpose, 

3»  DD  probably  cannot  be  used  to  eliminate  vrirevforms  in  soils  already 
planted,  '-athout  severe  injury  to  the  crop, 

4.  Da  the  dry  soils  in  ’-'hich  it  ’-^as  tried  in  the  irrst,  seven  days  from 
the  date  of  treatment  seemed  to  he  a sufficient  ueriod  to  allow  the 
mixture  to  dissipate  after  v^hich  crops  were  plentcd  vuthout  injury. 
Much  longer  periods  were  needed  in  the  G-eorgia  tests. 

5.  It  is -still  doubtful  vrhothcr  it  will  prove  economical  to  use  DD 
against  white  grubs  and  related  beetle  larvae,  which  caji  he  con- 
trolled by  chemical  treatments  already/  kno’-ci  in  those  instances 
vrhere  the  nlants  to  he  protected  are  sufficiently  valuable  to 
justify  the  expense. 

6.  DD  readily  killed  th-  larvae  of  cotton  pink  hollworm  in  the  soil, 
and  its  usefulness  in  the  eradication  of  local  outbreaks  of  this 
pest  should  be  cvaluc.tad  by  further  investigations. 

7.  DD,  ’iiilc  effective  ago.inst  vfhitc-f ringed  beetle  larvae,  ''vas  not 
fo’und  to  be  as  economical  as  m.-thyl  bromide,  which  is  already  in 
use  for  that  purpose. 

8.  DD  killed  termites  and  other  wood- infos  ting  insects,  but  in  view  of 
its  volatility  there  is  some  question  as  to  ’-rh^ther  it  will  find  a 
mlacc  in  the  control  measures  directed  against  this  type  cf  insect. 

9.  DD  has  so  far  not  been  found  of  ■'■aluo  against  rx*ts,  mealybugs,  or 

moseuito  I'^rvac. 
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Conclusions  as  tc  preco.y.tiona.ry  measures 


As  in  the  co.sc  of  nor t'  other  effective  fumigants,  c'^rt'-in  nrccru- 
tions.  arc  nrceso'ry.  G-rcat  care- should  he  employed  to  avoid  shill- 
ing DD  on  the  sho^s  or  clothing.  If  so  spilled;  the  wet  garment 
shoueld  he  removed  immediately  to  avoid  injurjr  to  the  vc-a,reir,  and. 
should  not  ho  ’-.'orn  again  for  at  least  several  days,  possibly  longer. 

•-  • 

Tp  evidence  iuas  hecn  foiend  th.at  root  or  other  plants  grov/n  in  DD- 
treatod  soil  involve  any  hazard  o,S  human  or  animal  food,  although 
it  e/ould  ho  dcsir.  hie  to  put  such  plants  thro^ogh  the  series  of 
toxicological  tests  custom-erily  used  in  the  ease  of  new  insecti- 
cides. 
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SBCTior  A;  Ka-:A~ODzs 

The  economic  si icnice  of  nen.-^tode  pests  of  plants 

Coritr?,r2’  to  the  nematodes  •op.rositizin^  mrji  ojid  onimo.ls  tl'-ose  at- 
tn.cking  plants  p.re  very  s'nall  (mostly  of  a size  hetvreen  O.U  and  1.0  mm). 
For  this  re  son,  end  becar.se  of  their  hidden  mode  of  life  (isryely  under 
ground)  - thej/-  have  been  and  still  are  #ften  overlooked  p.s  li'iiting  factors 
in  plrnt  gro''’th  and  crop  production.  Certain  •’orms  like  the  root-knot 
nematode  and  some  species  of  meadow  nematodes  are  of  a worldvride  distri- 
bution, attacking  a wide  va.rioty  of  h«sts;  others  are  restricted  to  cer- 
tain" rc::ions  and.  attack  onljr  a few  hosts  (sugar-beet  ncma.tode,  citrus 
nerna.tode,  nematode  Causing  red-ring  disease  of  coconut  palm,  etc.).  In 
the  U.  S.A.  the  root-knot  neraa.todc  is  one  of  the  worst  and  most  perpl'^x- 
ing  aa;ricultural  pests.  It  is  widely'’  distributed  through  the  sandy 
soils  of  the  Southern  and  Southwestern  States  and  C lifornia,  but  occurs 
also  a.s  a.  limiting  factor  on  certain  crops  (e.g.  potato)  as  far  north  as 
the  S ': ' tes  of  ”cw  York,  Michigan,  Idaho,  Oregon,  and  Va,shington.  It  is 
the  most  gcii'' rally  distributed  greenhouse  T^cst.  Accura.te  surveys  are 
lacking  and  arc  difficult  to  make,  but  it  is  conservative!;'’  estisa.tcd 
that  in  certain  regions  annual  crop  losses  caused  by  this  nematode 
amount  regularly  to  be  t’-'cen  5 to  ’-uth  locational  losses  not  in- 

freoU''ntly  running  much  hi-~’hor  v^ith  instances  of  co'.rolctc  failure, 

I’’  the  State  of  Mississi'Doi,  for  e-ample,  the  losses  caused  by  this 
nematode  in  victory  ga.rdcns  alone  in  1943  were  conscr^'atively  estimated 
•’'t  over  $2,000,000.  Cro’>;)  rota.tion  is  -'ll  orcsent  the  most  economical 

control  method;  it  is  based  on  the  fact  tha.t  certain  crops  arc  more 
resistant  than  others  to  the  attacks  of  this  ncm.a.todc.  Y ry  few  arc 
Lmr.-iunc.  F rthermorc,  there  are  specialized  host  stra.ins  of  this  nema- 
tode, Kovuver,  losses  are  only  reduced,  not  voided  by  rotations  and 
often  nroper  rotations  a.r'^  difficult  to  follow  b ^causc  nan;)*  rotation 
crops  arc  not  pay-crops  or  arc  not  adapted  to  a giv  n r'gion.  V''rious 
cultural  m.cthods,  sanita.ry  noasurcs,  pr''ventivo  mcr.surcs  (inspection 
srrviccJ)  ..  lo  to  reduce  or  avoid  losses.  Iz  some  ins^’ancos  a hot^'-atar 
treatment  hr.s  -oroe-cd  a.  successful  curative  laasure  (c.  g.  in  the  case 
of  peonies  and  other  valuable  nursery  stock),  but  such  methods  arc  of 
restricted  econor.iic  value,  C in  chemicals  have  been  sho’-n  effect- 
i\'e  against  this  ucat  as  soil  fumimants,  c.  g. , chloropicrin,  cn.rlion 
bisulfide,  methyl  bromide,  ethylene  dichloridc,  and  various  mixtures 
of  these.  HotTover,  all  these  fumigants  have  their  restrictions;  with 
applioekion  costs  of  $20  to  $'-00  per  acre  they  arc  too  expensive;  some 
a.re  poisonous  or  inilr'in’eablo  end  therefore  dangerous  to  store,  handle, 
and  ''nmly.  F"'.r  thermo  re,  the  r'iCthods  of  application  arc  too  complicated. 
T.  ■:  DD  m.ixturc,  for  w^ii^];^  results  of  tests  as  to  its  nonatocidal  value 
arc  reported  herein,  offers  several  inport-'nt  adv'',ntagcs  over  all  the 
pr'vicusly  '010''^.  soil  fujnigants  and  will  therefore  bring  about  .a  decided 
progr-ss  in  the  control  of  non''.todc  pests  of  pleuits. 
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. Tests  on  the  S:'  icecy  of  the  D3  Mixture  in  p'rae,-tode  C';ntrol 

suranerized  *by 
G-,  Steiner 


Introduction  ■ , 

Authority  for  A'reouest  "by  the  A .r- cultural  ,R  search' inis tra- 

tion. 

Coo  j pro. tiny  A,~'  ^cies;  y 

1.  Shell' Tevelonuent’  Co.  any,  Saeriryllle,..  C lif.  (furnished  fuiairants). 

2.  T..e'  University  of  Florida  Agricultural  Experiment  Station  through 

Or,  R*  Tovnosend  at  Belle  G-lade,  Fla. 

3.  The  Mississippi  A’ricultural  E"periment  Si  tion,  through 

J.  A.  Pinck.ard  at  Si'te  College,  Miss* 

4.  T''e  Tex.as  Agricultural  S::v  riment  St'. tion,  through  G,  H.  Godfrey 

at  U.  clo.co,  T-::as. 

5.  The  Georgia  Co-  tal  Plain  Siroeriment  Station  at  Tifton,  G-",  through 

A.  L.  Taylor  and  C.  U.  McBrth  of  the  Eivision  of  F^'uatology,  U. S, 
Bur.'.au  of  Plant  Industry,  Soils,  end  A^cr i cul tural  En.  ineering. 

6.  T1 Universit^r  of  C lifornia  Afpricultural  Experiment  S'xation  thBCflpgh 

G.  F.  MacLood,  M,  A.  Stev/-rt,  E.  0.  Essig,  o.nd  Roderick  Craig, 

( Circrunstances  heyond  control  made  it  impossible  to  obtain  proper 
results  in  time  for  the  present  report  from  these  C lifornia 
e:xperiments. ) 

7.  Tl'C  Division  of  IT:,  . tology  of  the  Bureau  of  Plant  Industry,  Soils, 

and  Agricultural  E'-'ineering  in  Beltsville,  Me.,,  through 

J.  R,  C.  ::'stio,  J.  H,  M chmer,  G.  Steiner,  and  other  staff  members 

in  cooperation  ’uth  S.  P.  Doolittle,  L,  L.  Harter  and 

J.  S.  Caldvrell  of  the  Di''ision  of  Fruit  and  Y gctable  Cr®ps  and 

Disea.ses;  F,  ’'kiss  of  the  Division  of  li'cnlogy  and  Disease  Survey; 

H,  S.  Anderson,  M.  C.  H .yes,  and  !T.  R.  Smith  of  the  Division  of 
Soil  and  Fertilizer  Investigations;  V,  J,  L, -timer  of  the  Division 
of  Soil  Survey;  and.  ’’h  J.  M''r.d  of  the  Division  of  Information. 

T rts  were  .-'Iso  planned  ot  Florence,  S,  C.  but  could  not  be  performed  be— 
c— .'.-c  of  manpovrer  shortage  (sta.tement  by  U.  G-'.rner,  head  of  the  Division 
of  Tobacco  L'.vestigations,  the  proposed,  collaborating  o.gcncy  of  the  Bv.r,;au 
of  P'l  ■ ' t Industry,  So-'l-,  .-\nd  A -ridultural  ineering)  . 


-o- 


B^cause  of  lateness  of  the  season  tests  vere  not  considered  in  regions 
farther  north  than  Bel t'-ville,  Me, 

Statistical  analyses  of  the  various  experiments  are  either  avallpble  or 
could  he  compiled  hut  are  thought  too'  expansive  and  cor.plicated  for 
presentation  here. 

A'ditional  information  on  tests  with  the  DD  mixture  vras  received  from 
the  following  invest i ’a,tors  .and  has  been  summarized  and  incorporated 
in  the  present  report. 

G-.  K,  Parris,  Virginia  Tr  'ch  E:p)erinent  S',  tion,  ITorfolk,  V- . 

A.  Gr.  lT::whall,  Mc’'  Y''rlc  A:;r:lcultural  E'"'eriment  S'  tio;-,  Cornell 
University,  Itl  ca,  F.  Y, 

J.  G-,  Brovn,  cultur.al  E;cper im.ent  Station,  University  of 

Arizona,  T'o.cson,  A.risono.. 

H.  C.  Young,  Ohio  Agricultural  Er  riment  St  tion,  Uooster,  O''.io. 

C.  J.  G-ould,  '"I  tern  ¥ 'rhington  E:-noe riment  St^'tion,  P‘  •■■  llup,  U'  sh. 

E.  J,  A:'r..erson,  Pineamole  P.  sc.-rch  Listitute,  Honolulu,  T.  H. 
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Ncmatodos 


Plan  and  prodecure  of  Experiments 


In  order  to  compare  the  results  of  these  tests  from  various  regions, a uni- 
form plan  and  procedure  were  v;orked  out  by  G.  F.  .lacLeod  of  the  Agricul- 
tural Experiment  Station,  University  of  California,  and  G.  Steiner,  Division 
of  Hematology  of  the  U.  S.  Department  of  Agriculture,  and  in  the  main  these' 
have  been  adhered  to  by  the  various  cooperators.  The- 'design-  of  the  experimental 
plot  was  a standard  Latin  square  2hr  by  feet,  subdivided  into  l6  equal 
plots  as  laid  out  in  Fig.  1.  The  treatments  consisted  of  injections.-  -• 
of  10  cc  of  the  D-D  mixture  at  a depth  of  6 inches  at  points  16  inches 
apart  in  staggered  rows,  18  inches  apart,' Test  plants  used  v/ere 
Hubbard  squo.sh  plonted  as  seeds,  5 to  a hill,  6 da.ys  rafter  treatment. 

These  seeds  wero  planted  in  l\.  rov.'s,  each  row  beginning  9'V  f rom  edge,  the 
hills  18”  apart.  The  ncma.todc  post  mainly  considered  was  the  root-knot 
n'.matodc  (Rctorodora  marioni). 
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Fig.  1 
Plot  Design 
T treated 
U = untreated 
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Re suits 

1 • Tests  at  the  Plant  Industry  Station^,  Beltsvillo,  Md> 


I.  Field  tests* 

Results ; Excellent  control  of  the  root-knot  nematode. 


Efficacy  of  the  crude  D-D  mixture  in  controlling  the  root-knot  nematode 
found  to  be  99  to  100^ 

Effect  of  treatment  on  nematode  infestation: 

a.  in  reducing  the  numb(  r of  plants  infected; 

Of  127  pliant s token  at  random, one  from  each  hill,  in  the  treated 
plots,  97  wore  absolutely  free  of  infection;  27  had  a trace  of 
infection;  2 had  a slight  infection;  1 hr.d  a moderate  infection. 

Of  126  plants  taken  at  random^ one  from  each  hill,  in  the  untreated 
plots,  107  had  a heavy  infection; iL  had  a moderate  infection;  2 had 
a light  infection;  2 had  .a  tr' ce  of  infection;  1 had  no  infection. 

From  tha.  treated  plot  2^.9^^  of  all  plants  ha.d  an  infection,  but 
mostly  very  light. 

From  the  untro'itcd  plot  99*2^  vrero  infected,  mostly  vi_ry  heavy. 


b.  in  reducing  the  degree. 

On  the  treated  plots  the  degree  of  infection  was  only  a fraction 
of  1%  v.s  compared  to  betwe^-n  99  'Ond  100^  on  the  untrea.tcd  plots. 
This  difference  was  oven  more  pronounced  if  only  the  center  plant 
on  the  plots  were  compared. 

Effect  of  treatment  on  the  squash  pl:nts; 

a.  on  germination. 

On  the  treated  plots  germination  was  a.bout  5^  less  than  on  the 
untreated;  295~pl'^'ts  genainc.ted  from  J>dh  seeds  planted. 

On  tho  untreated  plots  5il  plants  germinated  from  ^dU  seeds  planted. 


b.  on  emergence:  Emergence  vaas  slower  on  treated  plots, 

August  26th,  13  days  aft'^r  tr',.'' tm ..nt  '-nd  7 days  after  planting, 
the  first  seedlings  ''ppeaned. 

August  ■ total  of  255  plants  h"- d emerged  on  the  treated  plots, 

as  against  a total  of  3^9  plants  on  the  untrcat'_d. 

September  9'th  a total  of  295  pl''nts  had  emerged  on  th^  t re  ■■'ted  plots 
as  against  a total  of  3il  plants  on  the  untreated  ones. 
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c.  on  [rrowth,  six  weeks  r:ftcr  plrjating. 

The  average  length  of  plants  from  the  treated  plots  v;nB  36.62  inches; 
that  from  untreated  plots  was  only  l6.11  inches. 

There  was  c:  noticeable  border  effect  from  the  treo.ted  on  to  the  untreated 
plots,  th(.  growth  of  the  edging  plants  ,on  the  la.tter  being  decidedly  better^ 
■a  condition  ca.used,  a.s  root  examinations  shov/ed,  by  parasite  control  over 
th(.  border  line  of  treated  into  xjntr.i.tcd  plots.  ^ 

By  September  7 i't  could  be  noticed  that  the  pl^'nts  on  the  untreated  plots 
v/er^  a little  smaller  and  less  vigorous  than  those  on  the  treated  plots. 

Conditioning  soil  temperature:  On  August  I3,  when  the  fumigant  vre.s  injected, 

the  soil  tempcr''turc  6 inches  below  the  surface  was  89?  F. 

Conditioning  soil  moisture:’  At  time  of  tr>^o.t]ient  the  soil  vras  very  dry; 

soil  moisture  varied  from  6.63^  on  the  N.  W.  corner  to  ^.11%  on  the  S.E. 
corner  of  the  plot,  ^nd  at  time  of  planting  (August  19)  these  rca.dings 
vxre  7»U8^  and  10.81^.  Three  days  after  planting  the  plot  it  was  watered 
with  a la-wn  sprinkler.  From  August  I7  to  October  2,  inches  of 

prccipita.tion  were  measured.  More  uniform  groiAfth  in  troa.tcd  and  untreated 
squares  in  the  S.E.  corner  of  the  plot  and  a slight  retardation  in  growth 
on  the  treated  squares  in  this  corner  as  comp-'.rcd  vrith  those  in  the  N.  W. 
corner  arc  interpreted  as  related  to  a moisture  faxtor.  Similarly  less 
pronounced  wilting  of  plants  on  untreated  plots.  Moisture  appears  to  be 
one  of  the  ma.in  conditioning  faxtors  in  determining  the  effic^^cy  of  the 
D-D  mixture,  a fextor  wxrking  in  at  least  t’wo  directions;  a.  in  a longer 
ret<ntion  of  certain  toxic  ingredients,  thus  retarding  tnd~”in juring  germin- 
ation, emerg»-ncc,  r;nd  grovd:h  of  plants;  b.  in  softening  the  primary 
killing  blew;  to  th.^  ncrn'todcs. 

Clc-ssif ication  of  the  soil  on  experiment ,al  plot  (determined  by  V/.  J.  Latimer, 
Division  of  Soil  Survey) : 

On  N.  E.  corner  - Ben’/yn  lo  rn  ’vithgood  moisture  holding  capacity,  surface 
soil  f^.irly  deep. 

On  S.E.  Corner  - Bervryn  silt  loam  vmth  good  supply  of  moisture  even  in  dry 
sec'.sons. 

On  remainder  of  plot  - Berv/yn  sandy  loam,  h-.rd  pan  phase;  above  the  hard 
pan  (15  inches)  this  soil  gives  a very  shallow  reservoir  for  storage  of 
moisture,  which  is  readily  removed  by  evaporation  in  dry  s^-asons.  (See 

fig.  4) 

Properties  of  soil  (determined  by  M.  S.  fnderson  and  M.  G.  Keyes,  Division 
of  Soil  and  fertilizer  Investig’'.tions ) : 

Phosphorus;  low;  potassium:  v^ry  low;  organic  matter  1.37; 
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0 Root  s;';s'com  cscuained  in  the  le.boraoory,  No  evidence  of  root 
knot  sei^n. 

X Infection  very  slight,  mcjiifcst  by  o.  few  minute  swellings,  end 
Vt^rified  c.s  root  knot  in  the  Inborntory. 

y Infection  light  end  diagnosed  ns  such  in  the  field. 

z Infection  modornte  to  very  heavy,  in  most  instrnces  very  heavy. 


Fig.  i+- 

Chart  showing  root -knot  nematode  infection  of  squash  plants  on  treated  and 
untreated  plots  6 7r:eks  after  planting,  i.e.  at  end  of  experiment. 


T - treated  block 
V - untreated  block 
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Lateral  Killing  Range  of  D-D  Mixture 


Procedure:  Small  wads  of  heavily  infected  tomato  root in 

bags  placed  in  rows  on  opposite  side  of,  end  at  3-xncn 
from,  point  of  injection. 


cheesecloth 

intervals 


At  conclusion  of  treatment  period  each  lot  of  roots  was 
removed  from  the  bag  and  placed  in  a pot  of  sterilized  soil  in 
which  cucumber  v/as  grown  as  an  indicator  plant. 

Amount  of  injection:  10  cc-  , 

Date  of  injection:  August  26,  ^9^3’  ^ ^ \ 

Root  bags  removed:  Sent ember  2 (interval  7 ^ 

Soil  temperature  at  time  of  injection;  22.3  C.  (72 
Soil  moisture  not  determined  (soil  moisture  of  adjacent 

plot  10.81”^). 


Soil  surface 
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''  Point  of  Injection 


Results:  Efficacy  as  shown  by  indicator  plants. 

0 Complete  kill,  indicator  plants  not  infected. 

X partial  kill,  indicator  plants  with  vuny  slight  infection, 
y P.ertial,  kill,  indicator  plants  with  light  to  moderate  infecti 
z Little  if  ''X.y  effect,  indicr,tor  plants  heavily  infected. 
Complete  kill  to  about  9 inches. 

Partial  kill  to  r'.bout  18  inches. 
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Vcrtical  Killing  R.'ngc  of  D-D  Mixture 

Procedure:  Smc.ll  vrcAs  of  heavily  infk.ctcd  tomato  roots  in  cheesecloth 

bags  WL.ro  used  as  in  the  previous  test,  A root  bi.ag  was  placed  just 
below  the  surface  of  the  soil,  another  9 inches  deep  !‘-nd  others  at 
3-inch  intervals  to  a depth  of  2i+  inches,  the  bags  being  in  a vertical 
row.  A squaro  was  marked  on  the  surface  of  the  soil  of  such  size 
thc.t  it  v/as  18  inches  from  corner  to  corner  md  with  the  uppermost 
root  bag  in  the  exact  center.  A 10  cc  injection,  6 inches  deep,  was 
made  at  each  corner  of  the  square j each  injection  being  9 inches  from 
the  vertical  line  of  root  bags.  The  root  bag  9 inches  deep,  there- 
fore, wc.s  3 inches  below  the  points  of  injection  and  the  one  2J4. 
inches  deep  v/’as  18  inches  below  the  points  of  injection. 

At  the  conclusion  of  the  tre'\tm' nt  period  each  wad  of  roots  wa.s  tested 
with  an  indicator  plrnt  3 in  the  pr^-vious  test. 

D""tc  of  injections:  September  2,  19U3 » 

Root  bags  removed:  September  9 (interval  7 days). 

Soil  temper  ture  :it  time  of  injections:  21°C.  (09.8  F.)« 

Soil  moisture  not  determined,  probably  '\bout  10^, 
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Results:  No  evidence  of  root  knot  could  be  found  on  any  of  the  indicator 

plrnt s.  ThL.rc  appeared  to  have  been  a complL-tc  kill  just  below 
the  surface  end  to  a depth  of  2I4.  inches  (18  inches  below  the 
points  of  injection). 
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II,  Greenhouse  tests. 

In  these  tests  an  emulsion  of  the  D-D  mixture  was  used  containing  96^  of 
the  crude  product  and  ^'/o  of  an  emulsifier. 

Procetoje^and^^lan  o:^  e_xp_ej"iment : a bench  bed  26  feet  long  and  4 feet  wide 

^vas  subdivided  by  cross  boards  into  plots  of  3 l/2  by  4 feet  each.  Plots 
1,  3,  5,  & 7 were  untreated;  2,  4,  6,  & 8 v;ere  treated.  The  D-D  emulsion 
was  mixed  v/ith  vmter  and  applied  with  a sprinkling  can  so  that  20  cc  of 
the  undiluted  emulsion  v^ould  cover  a square  foot  or  280  cc  each  plot.  The 
soil  was  infested  with  both  the  root-knot  neraatode  and  the  fungus  causing 
tomato  wilt,"" 

Treatment;  September  6, 

Planting  of  plots;  September  15  (9  days  after  treatment)  tomato  seed- 
lings v>rere  planted  as  indicator  crop  for  wilt  as  well  as  root  knot. 
Between  the  tomato  plants  cucumber  seeds  vrere  planted  to  serve  as  an 
additional  indicator  crop  for  a test'  for  root  knot  control. 

Results ; Excelient  control  of  the  root-lcnot  nematode. 

Efficacy  of  control  on  cucumbers  v/as  betiveen  99  and  100^,  on  tomatoes 
above  98^,  these  figures  being  based  on  degree  of  infection  of  the 
plants  from  treated  and  untreated  plots. 

Effect  of  treatment  on  nematodes ; 

a,  in  reducing  the  number  of  plants  infected. 

Of  221  cucumber  plants  from  treated  plots,  219  were  not  infected, 

2 were  only  lightly  infected;  of  124  cucumber  plants  from 
untreated  plots,  121  v;ere  heavily  infected,  3 were  lightly 
infected , 

Of  57  tomato  plants  from  treated  plots,  24  were  not  infected, 

33  were  lightly  infected;  of  59  tomato  plants  from  untreated 
plots,  59  were  heavily  infected. 

Effect  of  treatment  on  plants; 

Emergence  of  cucumber  plants  ’was  retarded  on  treated  plots,  both 

cucumber  and  tomato  plants  were  strongly  retarded  in  growth,  but  at 
end  of  experiment  had  almost  reached  the  size  of  those  on  untreated 
plots. 

Effect  of  fumes  on  other  plants  in  greenhouse; 

None 


^ For  results  on  tomato  v;ilt  control  see  page  28. 
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BB.  WITH  CRUDE  D-D  MIXTURE 

Procedure ; Two  compartments  (63  x 58  inches  each)  of  a ground  bed  known 
to  be  heavily  infested  were  used  in  this  test*  One  compartment  was 
treated,  the  other  left  untreated  as  control;  10  cc  of  the  crude  mixture 
were  injected  6 inches  deep,  in  holes  12  inches  apart,  in  staggered 
rov/s  12  inches  distant.  Thirty-eight  days  after  treatment  9 tomato 
seedlings  (6  inches  high)  were  planted  in  each  plot;  the  next  day  Acorn 
squash  seeds  were  planted  between  the  tomato  seedlings  but  failed  to 
grovr.  Experiment  terminated  64  days  after  treatment. 

Results ; Excellent  control  of  the  root-knot  nematode. 

Efficacy:  100% 

Effect  of  treatment  on  nematodes  in  reducing  number  of  plants  infected: 
Of  8 tomato  plants  on  treated  plot,  all  wore  free  of  infection. 

Of  9 tomato  plants  on  untreated  plot,  all  wore  heavily  infected. 

Effect  of  fumes  on  other  plants  in  greenhouse: 


None 
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2,  Test  at  the  Evorgladas  Experiment  Station,  B^llo  Glade,  .Florida 
(G.R,'  Tovmsend  cooperating) 

Results ; No  satisfactory  control  of  the  root-knot  nematode . 

Efficacy  of  the  crude  D-D- mixture  in  controlling  the  root-knot  nematode 
found  to  be  only  35-40/O. 

Effect  of  treatment  on  nematode  infestation; 

a,  in  reducing  the  number  of  plants  infected, 

'All  but  a fov/  plants  from  the  treated  plots  had  galls. 

All  plants  from  the  untreated  plots  had  galls. 

b,  in  reducing  the  de-groe  of  Infoction, 

In  viev;  of  the  somev/hat  smaller  root  system  of  the  plants  from 
the  treated  plots,  the  actual  control  of  nematodes  is  stated 
as  only  35-40,^, 

Effect  of  treatment  on  the  squash  plants ; 

a.  Germination  on  the  treated  plots  was  about  30^  less  than  on  the 

untreated, 

b.  Emergence  was  rctardod  by  treatment, 

c.  Grovrth  was  also  retarded;  very  few  plants  on  the  treated  plots 

attained  the  size  of  those  on  the  untreated  plots  by  the  time 
the  experiment  was  terminated.  The  roots  were  found  to  be 
smaller  on  plants  from  the  treated  plots. 

Conditioning  soil  temperature ; At  time  of  treatment,  91°  F,  at  a depth 
of  '3  "inches ; at  time'  of~”pTan ting,  81°  F,  at  a depth  of  3 inches. 

Conditioning  soil  moisture ; At  time  of  treatment,  '64:, Q%;  at  time  of 
planting,  64,8^.  Subsequent  precipitation  to  end  of  experiment 
amounted  to  a total  of  3,32  inches, 

Classification  of  soil:  Everglades  peat. 

Properties  of  soil  (determined  by  1.1,3,  Anderson  and  M.G,  Reyes,  Division 
of  Soil  and  Fertilizer  Investigations); 

Sample  A;  Phosphorus:  low;  potassium:  very  low;  organic  matter;  87,1; 
pH;  6.8. 

Sample  B;  Phosphorus;  high;  potassium;  very  high;  organic  matter;  85,2^ 
pH ; 6,4, 
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3.  Test  at  the  Georgia  Coastal  Plain  Experiment  Station,  Tifton,  Ga. 

A.L,  Taylor  reporting 

Results ; Excellent  control  of  the  root-knot  nematode. 

Efficacy  of  the  crude  D-D  mixture  in  controlling  the  root-knot  nematode 
found  to  be  100^. 

Effect  of  treatment  on  nematode  infestation; 

a.  in  reducing  the  number  of  plants  infected. 

All  plants  on  treated  plots  v/ere  free  of  root  knot. 

All  plants  on  untreated  plots  ^vore  infected. 

b.  in  reducing  the  d*egree  of  infection. 

All  plants  on  treated  plots  wore  free  of  infection. 

All  plants  on  untreated  plots  were  heavily  infected. 

Effect  of  treatment  on  the  squash  plants; 

No  observable  difference  in  growth  of  plants  on  treated  and  untreated 
plots.  Growth  poor  on  all  plots  due  to  lack  of  rain. 

Conditioning  soil  temperature; 

About  88°  F,  at  depth  of  one  foot  at  time  of  treatment. 

Conditioning  soil  moisture; 

6.1^  at  time  of  treatment. 

Classification  of  soil; 


Norfolk  sandy  loam. 

Properties  of  soil  (detemined  by  M.S,  Anderson  and  M,G.  Keyes  of  the 
Div,  of  Soil  and  Fertilizer  Investigations); 

Phosphorus;  mediumj  potassium;  very  low;  organic  matter:  0,96;  pH;  6,2, 

Remarks;  Similar  tests  with  only  5cc  doses  of  D-D  mixture  also  gave 
perfect  control  of  root  knot,  while  injections  of  2,5cc  resulted  in 
control  of  better  than  95^,  In  all  these  tests  cantaloupes  v/ere  used 
instead  of  squash  as  indicator  plants. 
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4 . Test  at  the  Mississippi  Agricu  1 t^^l  _E3^e r im^t__S t a t i o n ,_S tate  Coll ege , 
Miss,  (J.A.  Pinckard  reporting) 


Results ; Excellent  control  of  the  root-knot  and  meadow  nematodes. 

Efficacy  of  the  crude  D-D  mixture  in  controlling  the  root-knot  nematode 
and  meadow  nematodes  found  to  be  very  high.  (lO  cc  injected  at 
18  inch  intervals). 

Effect  of  treatment  on  nematodd  infestation  (root  knot  only); 


a,  in  reducing  the  number  of  plants  infected. 

The  roots  on  the  treated  plots  v;ere  not  entirely  free  of  galls, 
though  nearly  so.  The  galls  on  the  roots  from  the  untreated 
plots  v/ere  far  too  numerous  to  count  successfully, 

b,  in  reducing  the  degree  of  infection. 

See  previous  paragraph. 

Effect  of  treatment  on  the  squash  plants; 

Almost  no  differences  in  the  above  ground  appearance  of  the  squash 
plants  on  treated  as  against  those  on  untreated  plots  were  noted; 
the  experiment  v/as  terminated  by  frost. 

Conditioning  soil  temperature;  At  time  of  treatment,  95'^F.  at  6 inches 
depth. 

Conditioning  soil  moisture!  At  time  of  treatment,  5,75^,  A heavy  irrigation 
followed  planting  and  tv/o  subsequent  irrigations  v/ere  provided  at  weekly 
intervals.  Extremely  hot  dry  weather  prevailed  with  no  rain  of 
consequence , 

Classification  of  soil:  Ocklocknee  fine  sandy  loam. 

Properties  of  soil  (determined  by  M.3.  Anderson  and  M.G.  Keyes  of  the 
Division  of  Soil  and  Fertilizer  Investigations): 

Phosphorus:  very  high;  potassium:  low;  organic  matter:  2,56^;  pH:  5.8. 

Additional  information; 

a.  Observations  on  control  of  meadow  nematodes  (Pratylenchus  sp,). 

The  experimental  plot  carried  a heavy  infestation  of  meadow  nema- 
todes in  addition  to  the  root-kioot  nematode.  The  control  of 
those  meadow  nematodes  v/as  so  complete  that  the  treated  plots 
v/cre  densely  covered  with  grasses  and  other  weeds  by  the  end  of 
the  experiments,  v/hile  these  grasses  and  v/eeds  had  died  out  on 
the  untreated  plots  primarily  through  heavy  attacks  by  meadow 
nematodes  as  root  examinations  proved.  The  squash  roots  were 
not  attacked  by  meadow  nematodes. 
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Observations  on  a treatinent  in  a home  garden  with  a rather  heavy 
cloddy  soil  of  the  clay  loam  type. 

In  this  experiment  the  procedure  followed  avas  essentially  the 
same  as  above  described;  hov/ever  for  comparison  a treatment 
v/ith  chloropicrin  (CCIgiJOg)  v/as  also  made.  The  latter 
■was  machine  injected,  3 cc  per  dose,  6 inches  deep,  10  inche 
apart.  No  surface  cover  v:as  provided. 

The  results  were  not  clear-cut.  Neither  chloropicrin  nor  the 
D-D  mixture  completely  controlled  root  knot.  Sufficient 
reduction  in  infection  occurred,  however,  to  produce  normal 
appearing,  vigorous  squash  plants. 
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5,  Test  Texas  Agricultural  ExperWnt^Statj-^ori 

^ ' Weslaco,  Texas 

I • ' (G.H.  Godfrey  reporting) 

Results ; Excellent  control  of  the  root-knot  nomatode. 

Efficacy  of  the  crude  D-D  mixture  in  controlling  the  root-lcnot  nematode 
found  to  be  99  to  1005^3.  ' ’ • 

Effect  of  treatment  on  nematode  infestation; 

a,  in  reducing  the  number  of  plants  infected. 

Of  128  plants  on  treated  plots  only  25,  or  19.5%  v/ere 
infected , 

Of  128  plants  from  untreated  plots  128,  or  100%,  v;ere  infocted, 


b,  in  reducing  the  degree  of  infection. 

On  the  troatod  plots  an  average  of  only  l/3  gall  per  plant 
was  observed. 

On  the  ^tre_a;^d_p2o_^  an  average  of  500  galls  per  plant  \vas 
counted , 

Thus  the  infestation  was  reduced  to  less  than  1/1500  of  tho 
original  population. 


Effect  of  treatment  on  the  squash  plants; 

a.  Germination  on  treated  plots  was  reduced. 


b. 

c . 


E-mergcnco  on  treated  plots  v;as  retarded. 

Growth  on  treated  plots  was  retarded. 

Six  days  after  olanting  tho  plants  on  treated  plots  wore  much 
smaller  than  the  controls  and  slightly 

of  experiment  the  average  of  plants  from  treated  plots  ^vas 
39  95  inches,  that  from  untreated  plots  50.55  inches; 
plants  on  treated  plots  v.;cro  then  as  healthy  in  appearance 
and  color  as  thoso  from  untreated  plots. 
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Sonditiening  soil  temperature i At  time  of  treatment, 

r-  - time  of  planting^  72°F, 

Conditioning  soil  moisture ; At  time  of  treatment,  0^8%^ 

^ at  time  of  planting,  13%, 

Rain  and  irrigation  provided  excellent 
moisture  conditions  during  period  of 
experiment. 

Soil  classification:  Victoria  fine  sandy  loam,  packed  rather  ^‘irm 

' bo low  7 inches, 


Properties  of  soil; 


Not  loiown, 
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6 , Tests  at  the  Virginia  Truck  Experiment  Station,  Norfolk,  Va , 

G.K.  Parris  reporting 

Test  M included  the  following  chomicals: 

' Crude  D-D  mixture » - - . ■ 

Purified  D-D  mixture, 

Monochlorobutones . 

Trichlorobutanes . 

Chloropicrin.  ..... 

Procedure:  Groonhouse  coil  from  a cucuraber  bed  heavily  infested  with  the 

II 1 1 . ^1^1-  V 

root-lmot  nomatodo  was  transferred  to  an  outside  concrete  container 
6 feet  v;ido,  2 foot  deep,  and  75  foot  long.  Each  chemical  was  injected 
into  3 replicated  aroa.s  of  15  square  foot  each,  the  treated  areas 
separated  by  an  untreated  spaco  ono  foot  wide  to  provent  inter-plot 
diffusion  of  the  fwiigants.  Injections  were  at  the  rate  of  150  lbs, 
por  aero  in  ’lolos  3 to  4 inches  deep  at  intervals  of  12  inches,  the 
rows  12  inclios  apart,  (in  the  case  of  the  D-D  mixture,  this  amounts 
to  about  3 cc  por  injection  point,)  After  treatment  the  surface  soil 
v;as  "wetted  'dovm"  and  plots  with  chloropicrin  injections  viprc  covered 
with  a double  layer  of  viot  gunny  sacking.  Two  weeks  after  treatment 
tomato  seeds  v/ere  planted.  The  odor  of  the  D-D  mixture  was  then  still 
noticeable,  that  of  the  3 other  chemicals  had  disappeared,  in  fact  the 
odor  of  the  D-D  mixtures  was  noticeable  to  tho  end  of  the  7 weeks  growth 
period  at  v/hich  time  the  tomato  plants  wero’ dug.  Rain  fell  intermittently 
for  3 days  soon  after  tho  treatment  of:  tho  soil. 

Results^:  Good  control  of  the  root-lcnot  nematode  by  tho  purified  and 

crude  D-D  mixture  and  by  chloropicrin.  No  control  by  monochlorobutones 
and  trichlorobutanes, 

f > 

Efficacy  not  exactly  determined. 

Table  1.  Relative  degree  of  control  of  Hctcrodera  marioni  in  infested 
soil  treated  v.ath  various  chemicals  at  tho  rate  of  iSO  pounds  per  acre. 
Indicator  crop  v.'as  tomato. 


Treatment  of  soil 

Typo  of 

nematode  attack 

Moan  fresh  vro  ight 
(grams ) 

Untreated 

Severe 

58.5  1 11,7 

Monochlorobutcnos 

Severe 

58,0 

Trichlorobutanes 

Severe 

78,0 

D-D  (pure) 

Slight 

to  moderate 

85,5 

D-D  (crudo) 

Slight 

to  moderate 

99.0 

Chloropicrin 

Sli.ght 

to  moderate 

114,0 
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Test  BB. 

Procedure  ; xhe  soil  used  in  previous  tost  AA  v/as  removed  from  its 
container,  v/ell  mixed  and  replaced,^  Using  approximately  25  square 
feet  of  soil  per  plot  the  soil  v;as  treated  with  chloropicrin,  with 
the  purifiod  and  crude  D-D  mixture  at  the  rate  of  about  3 l/2  cc  per 
injection  point  (180  lbs,  per  acre)  spaced  as  in  tost  AA,  each  treat- 
ment in  3 replicates.  Untreated  soil  served  as  control.  As  in  the 
other  treatment  tho  soil  was  wettod  down  but  in  this  second  test  the 
soil  on  tho  chloropicrin  plots  was  loft  uncovered.  Bush  beans  v;ero 
selected  as  tost  plants,  because  of  advanced  season,  and  sown  at 
3 different  dates,  11,  16,  and  18  days  respectively  after  treatment. 

Sash  was  placed  over  the  plots  6 days  after  the  last  planting  and 
maintained  in  place  v/ith  appropriate  regulations  to  outside  temperature. 
One  month  after  tho  first  planting  tho  bean  plants  wore  dug. 

Re suites  Good  control  by  both  purifiod  and  crude  D-D  mixture,  not  so  good 
control  by  chloropicrin  obviously  bocauso  no  cover  was  applied  after 

' treatment  to  prevent  tho  vapors  from  quick  escape. 

Efficacy;  'Not  exactly  determined. 

Table  2,  Relative  degroo  of  control  of  Hetorodcra  marioni  in  infested 
soil  treated  v^ith  chloropicrin,  v/ith  D-D  (pure  or  crude  product),  or 
left  untreated.  Indicator  crop  was  bush  bean. 


Percent  germination 


Treatment  of  soil 

Type  of  nematode  attack 

Days  after 
11 

treatment 

16 

of  soil 
18 

Untreated 

Severe 

82,5  2 6.1 

84,2  I 4.3 

82,6  S 4,3 

D-D  (pure) 

Slight  to  moderate 

64,0 

79.5 

76.0 

D-D  (crude) 

Slight  to  moderate 

68,0 

77.7 

69.6^ 

Chloropicrin 

Moderate 

65.0 

89,2 

83,6 

Reduction  caused  by  killing  of  plants  by  Sclerotinia  sclcrotiorum,  not 
considered  to  be  due  to  soil  fumigant. 

Effect  of  D-D  mixture  on  plants; 

See  above  table  containing  data  on  germination. 


^ This  test  is  here  reported  despite  the  fact  that  the  soil  used  in  tho 
previous  experiment  v/as  used  over  again,  a procedure  not  beyond  criticism. 
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7,  Test  by  Agricultural  Experiment  Station^  Cornell  University,  Ithaca,  N.Y. 

A.G.  Nevrtiall  reporting 

Test  in  greenhouse  at  Rochester,  IT.Y, 

Procedure ; Dosages  of  1 1/2  and  ,2  l/2  cc  of  ' D-D  mixture  (crude?)  injected 
at  ? inches  depth  in  holes  10, inches  apart  and  rows  10  inches  distant. 

Each  treatment  and'  checl;  in  5 randomized  replicates.  Plots  were 
watered  immediately  afcer  treatment.  Test  plant:  Summer  squash,  dug 
after  25  days..  Soil:  Sandy  loam. 


Results : Excellent  ccntrol  of  the  root-loiot  nematode. 

Efficacy  of  1 1/2  oc  dosage  about  95  to  96/ 
of  2 1/2  00  dosage  about  98  to  99/ 

NiUTiber  of  gall.s  per  plant  (Sunxner  squash)  25  days  after  planting 


lated  pirts 

riots  treated  with 

Plots  treated 

1 1/2  cc  DD 

2 1/2  cc  DD 

90,5 

3.3 

.4 

54  ,0 

2.4 

.5 

55,1 

3 

.9 

46.0 

2, .4 

1.4 

51,1 

.9 

.7 

296,7 

12.4 

3,9 

Additional  information:  D-D  mixture  used  at  the  rate  of  7 cc  per  injection 
at  10  inch  intervals  was  found  to  be  very  injurious  to  plant  growth. 

In  another  test  r;here  the  fumigants  v\rere  used  at  minimum  dosage  rates, 
v/hich  failed  to  control  the  nematode,  an  apparent  stimulating  effect 
v/as  observed  on  the  grov;th  of  tomato  plants  in  pots  by  the  D-D  mixture . 
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8 , Observations  at  the  Agricu 1 1 ural  Experiment  Station,  University 

of  Arizona 


J.  0,  Brovvn  reporting 

-f 

A small  quantity  of  the  D-D  mixture  had  been  used  in  a test  on  ■®oil  heavily 
infested  with  the  root-knot  nematode.  It  v/as  believed  that  the  fumigant 
was  working  well,  for  test  plants  were  thriving.  Suddenly,  however,  these 
plants  began  to  yellow  and  die;  investigation  disclosed  that  the  roots  of 
such  plants  were  badly  knotted.  Obviously  the  fumigant  had  not  killed  the 
root-knot  nematodes  inside  the  large  roots  that  v/ere  buried  in  the  soil 
as  an  inoculum. 
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Conclusions  as  to  the  usefulness  of  the  DP  mixture  as  a 
Soil  Fumigant  for  Tematode  Control 

1.  The  DD  mixt-urei  either  in  crude,  purified,  or  emulsified  form,  pro- 
perly injected  or  applied,  proved  highly  effective  in  control  of  the 
root-knot  and  the  meadow  nematode  in  sandy,  sandy  loam,  and  silt  loam 
soils  of  rather  lov/  moisture  and  low  organic  content. 

2.  The  BD  mixture  proved  only  about  35  40/^  effective  in  control  of 

the  root-knot  nematode  in  Everglades  peat  of  high  moisture  (around 
65^)  ond  high  organic  (S5  bo  content. 

3.  Soil  moisture  content  above  a certain  level  tended  to  retain  BB 
ingredients  toxic  to  plant  growth  '''ithout  increasing  the  lethal 
effect  on  nema.todes. 

4.  In  these  preliminary  tests  it  was  not  possibl'^  to  carry  the  plants 
through  to  naturity  50  late  in  the  season,  and  to  obtain  final 
viold  records,  Thr  field  test  at  Beltsville  shO’-’-ed,  hovrever,  during 
a gro'-^th  oeriocl  of  six  vreeks,  a ma.rked  increase  (125  uercont)  in 
plant  growth  on  treated  as  compared  vrith  untreated  soil.  ^'h.ile  Br. 
Carter  reports  a simila.r  favorable  effect  on  gro’^^th,  a.nd  this  effect 
tends  to  be  confir"cd  by  informal  reparts  from  experience  in  California, 
the  other  similar  tests  by  collnh orators  of  this  cem-itteo  showed  no 
increase,  and.  more  frequently  even  a retardation  of  growth  on  the 
treat^'d  -olots.  The  cause  of  this  behavior  is  not  yet  kno^m,  but  it 

is  probable  that  certa-in  moisture  and  organic  material  in  the  soil 
delay  the  dissipation  of  the  toxic  princiulcs,  so  as  to  make  neccs'^ary 
a longer  int'-rval  between  treatment  and  planting  than  v'as  used  in  the 
tests  referred  to, 

5...  In  comparison  ^’ith  other  soil  fumigants  knoi'Ci  to  be  effective  in  nema- 
tode control,  the  BB  mixture  in  efficacy  equals  the  best  and  su.rpassca 
them  in  at  least  the  following  qualities? 

a.  It  is  lower  in  price,  thus-  for  the  first  time  offering  .a  fumi- 
gant suitabl'-  for  economical  la.rge-scalo  field  use. 

b.  It  is  less  daugcrous  and.  less  obnoxious  in  v.se  and  in 
storage, 

c.  It  is  easier  to  amply, 

6,  It  will  be  necessary  threegh  further  studios  to  d.efinc  the  various 

conditioning  factors  and  their  interrelationship  before  all-inclu- 
sive r-  commrnda.tions  for.  the  use  of  this'  fumigant  as  a sail  nemat- 
ocido  can  be  made.  Eurthcrmorc  improved  apml ica.tors  should  be  con- 
structed. 
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Tests  on  the  .:jfficacy  of  the  D-D  Mixture  in  Control  of  Parasitic 

Occurring  in  the  Soil 

S.r,  Doolittle,  T.S.  B.eecher,  X.L, Harter,  & '/,D, Moore  reporting. 


Siironarized  'by  G.  Steiner 


1.  Greenhouse  test  vrith  3\isariun  v'ilt  of  tomatoes  ( Fusarium 
bulMgenun  var.  lycopersici ) . 3.  P.  Doolittle  and  P.  S. 

Beecher,  Beltsville,  re-  orting. 


Proced'  .re;  The  soil  used  in  this  test  had  grovm  diseased’olants  and  '-^as 
■provided  ^-ith  a.dditional  inoculum  through  incorporation  of  20  quarts  of 
a fungus  siispension  in  ’.rater  and  of  fragments  of  infected  stems  and 
roots.  After  this  inoculation  the  soil  vras  kept  moist  for  10  days  at 
an  optimum  soil  temperature  of  80*  P.  by  a heating  cable.  The  bench 
v/as  divided  into  3 compartments  of  ^?.  x 2U  inches  each.  At  the  end  of 
10  days  each  alternate  compartment  was  treated  with  the  D-D  mixture  in 
the  form  of  emulsion, ► 

Re suits;  Excellent  control  of  the  Pusarium  wilt  fungus. 

Efficacy  of  D-D  mixture  anplied  in  form  of  enrrlsion  (96‘p  of  crude  D-D), 
20  cc  to  '^ouare  foot,  diluted  in  water  (50;50)  found  to  be  over  9^/^* 

Effect  of  treatffnent  on  fungus  infestation  in  redlining  the  number  of 
plants  infected  after  3 ’^t.‘eks*  exposrore  to  the  fungis. 

Of  276  plants  on  treated  plots  2 marginal  ones  were  found  infected, 
i.e,  only  O.T,., 

Of  285  rla.vits  on  untreated  plots  J>S  v.'ere  found  infected,  i.e,  12. 6p. 


Effect  of  treatnsnt  on  tomato  plants;  Injury  observed  on  all  tomato 
St  edlings  ulanted  1-3  vreeics  after  treatment,  first  planting  severely 
da.'iaged, 

' Conditioning  soil  terroerature  at  time  of  treatment;  Aro’ond  80®  F. 

Conditioning  soil  moisture;  Ten  days  before  treatment  vrith  D-D  mixture 
the  inoculum  (20  quarts  of  a f’lngus  suspension  in  ’ ater  and  fragments 
of  infected  ri  ots  and  rtems)  was  put  into  the  soil  and  the  latter 
kept  moist  and  at  80°  P,  d'lring  the  full  10  da;^s  prior  to  treatment. 
After  treatment  the.  soil  was  heavily  ’vatergd  twice  daily. 

Classification  of  soil;  Sardy  loam. 

Hot  knov;n. 


Properties  of  soil; 
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Fungi 


2.  Grceahouse  tost  ’'ith  the  Southern  blight  or  sclerotiun  rot 
fungus  ( Sclerotiura  rolf  sii  ) . 

S.  P,  Doolittle  P.nd  F,  S,  Beecher,  Beltsville,  reporting. 

Procedure;  The  bench  soil  used  in  this  exoeri’ient  ’.'as  already  infested  with 
the  -nresent  fungus  and  contained  in  addition  a heavy  infestation  of  the 
root-knot  neomtode,  Tv^o  days  before  treatnent  additional  fungus  inoculum 
vras  incorporated  at  tvro-inch  levels  throu.ghout  the  depth  (7  inches)  of  the 
soil.  The  poil  ’’as  kept  very  moist  for  2 days  raid  then  the  treatment  ’-'as 
made  as  in  the  previous  experiment,  Tv’elve  days  after  treatment  10  inch 
tomato  Si-edlings  were  planted  but  vrere  badly  injixred  and  ’rere  therefore 
re;.'lanted  3 v'eeks  after  trt-atnent  in  such  a vay  that  each  section  con- 
tained 15  tomato  lolants;  these  tomato  -olants  were  then  interplanted  with 
^ ro’fs  of  cucumber  seeds,  12  seeds  per  row. 

Results;  Excellent  control  of  the  Sclerotium  rot  fungus. 

Efficacy  of  D-D  mixture  applied  in  form  of  emulsion  of  crude  D-D), 

20  cc  to  square  foot,  diluted  v/ith  water  (50j50)  fo^d  to  be  lOOJo. 

Effect  of  treatment  on  fungu.s  infestation; 

Cuc’iniber 

a,  in  reducing  the  number  of  plajits  infected; 

Of  25S  cucumber  plants  on  the  treated  plots  none  v^as  infected,  i ,e , Qfp 

Of  173  cucumber  plants  on  the  untreated  plots  62  ’'.'ere  infected,  i,e, 
35«3^»  und  had  died  25  days  after  planting, 

b.  in  increasing  the  number  of  sc-eds  geminated; 

On  treated  plots  256  cucumber  seeds  germinated  v'hile  on  the  untreated 
plots  this  number  ’vas  only  173»  't'he  difference  being  thought  to 
he.ve  been  caused  by  seed  decay  through  Sclerotiura  rolf  sii  and 
other  fungi. 

Tomato;  llo  infection  during  5 weeks’  exposure  to  the  fungus. 

Effect  of  treatment  on  tomato  and  cucumber  plants; 

Tomato  seedlings  (10  inches)  planted  12  days  after  treatment  exhibited 
severe  injury;  tomato  seedlings  planted  3 weeks  after  treatment  still 
showed  some  injury  on  treated  plots  and  retardation  in  .p^owth  but  on 
termination  of  e:cperinent  (57  days  after  treatment,  3^  days  after 
planting)  had  almost  reached  the  size  of  plants  on  untreated  plots. 
Cucumber  seeds  planted  3 weeks  after  treatment  germinated  better  on 
treated  plots  but  emergence  ’-^as  delayed  and  the  plants  were  slightly 
stunted. 

Conditioning  soil  temperature  at  time  of  treatment;  65°  - 70° 

Conditioning  soil  moisture;  After  the  inoculum  had  been  added,  i.e.  tv;o 
days  before  treatment,  the  soil  v'as  kept  very  moist;  after  treatment 
the  soil  ’-ras  heavily  viatered  t\/ice  daily. 

Classification  of  soil;  Clay  loam. 


Properties  of  soil;  Hot  known. 
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3.  "^est  v^ith  Rhi zoctonia.  solani , a causing  seed,  decay  and  ' 

damuiny-of f of  cucumber  seeilings. 

S.  P,  Doolittle  and  P,  S,  Deecher  reporting. 

Procedure ; A section  of  bench  vras  divided  into  '’our  subsections,  b x 2 feet 
each.  Part  of  the  soil  v/as  removed  and  reylaced  bn'  a "2— inch  layer  6f  soil 
hnovfn  to  be  infested  vith  the  inresent  "'’■ungus  :‘'rom  previous  tests  n-uth 
cucumber  seedlings.  Dhe  treatment  o"^  the  tvo  sections  vith  D-D  mixture 
'-'as  the  same  as  tests  1 and  2.  v^eehs  after  treatment  the  U sections 

v'ere  -planted  i-'ith  cucumber  seeds- at  the  rate  of  25O  seeds  ^-.er  section. 

Res^flts;  Dnsa  tisfactory . 


,_.ff icacy  of  D-D  mixture  in  "’orm  of  emulsion  (96y  of  crude  D-D)  20cC*  to 
Square  foot,  diluted  in  vrater  (5'^*-50)  '"oiund  to  be  only  30.2'3. 

Jffect  of  treatment  on  fun,;us  control  in  reducing  the  number  of  ulants 
infected: 

Of  '■!'6S  -plants  on  treated  alots,  12  (or  2.5^;)  sho^'^ed  dam-oing  off 
f v-reeks  after  -planting  of  seeds. 

0:^  -plants  on  ’untreated  - >lots,  25  (or  ->.52', 3)  showed  dam-ping  off 
3 veeks  after  planting  of  seeds. 

Effect  of  treatment  on  the  c’jcumber  "ilants; 

a.  on  ger!p,ination: 

0-''  5*20  seeds  -planted  on  treated  -plots  b(^g  (or  93- germinated. 

Of  500  seeds  -planted  on  -untreat<-’'d  -plots  fS3  (or  7^. S3)  germinated. 
Dreat-ment  a-pueared  to  reduce  pre-emergence  damping-of^. 

b.  on  emergence: 

-'his  was  retarded  on  treated  -plots. 

c.  on  grovrthj 

Some  plants  on  troat<?d  -plots  v'e-pe  stunted. 

Conditioning  soil  temperatiure ; About  - 75°2. 

Conditioning  soil  moisture:  i gh  moist ure . 

Classification  of  s^oil  used  for  Gx-poriraurt;  Sandy  loam  mixed  with  muck  soil. 


Properties  of  soil:  Dot  known. 
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■^ur.gi 


. "^est  on  control  of  dr>.rming-cf f cf  callage  seedlin,  s in 
Soil  artif iciall.y  infested  v'ith  Scleroti'om  rolfsii  > 

I.  ilcore,  Tiftcn,  Secrgia  ^e■^c^tir.g, 

? rcce  dure : Greenhouse  soil  v'ac  infested  '-'ith  Sclerctiiom  rolfsii  "by  r.ining 
in''ected  millet  seed  '-'ith  tie  soil.  After  treatment  the  soil  hev,t 
in  oins  and  transferr'  d to  greenhouse  "^lats  after  all  detectable  odor 
I"ad  disa‘Tieare d.  'Trentnents  ’''ere  r-,acie  at  dosages  as  follows;  Icc, 

‘2  l/2cc,  5cc,  and  ICcc,  res-ectivelv,  to  the  sa'oare  -^oot  of  soil.  In 
each  exneriment  the -e  v.'ere  8 renlicates  of  the  treatm.ent  and  of  the 
control.  One  hundred  cabbage  seeds  ’-'ere  nlanted  in  each  flat.  Ohe  soil 
was  moist  enough  to  insure  germination  and  the  '^lats  '-'ere  not  vratered 
during  the  ex'oeriment . 

Aes-;lts;  if e ga  t i ve  . 


Gf f icacy;  iTone;  the  untreated  controls  shoved  a better  stand  and  le^s 
damming  off  than  the  treatments. 

Affect  on  damming-off  fiongus; 

Cn  treatments  of  Icc  dosage 
On  treatments  of  2 l/2cc  dosage 
On  treatments  of  dosage 

On  treatments  of  lOcc  dosage 
On  untreated  control 

3f:ect  on  mlants; 

On  treatments  ox"  Icc  dosage  'xean  stand  of 
On  treatm.ents  of  2 l/2cc  dosage  mean  stand  of 
On  treatments  of  ^cc  dosa;'-e  aean  stand  of  7l*7 
On  treatments  of  lOcc  dosage  mean  stand  of  71.1 
On  ’untreated  controls  m.ean  stand  of 

Condi tioning  soil  temmera ture ; Aot  ':nc’'’n. 

Co-  d.itionlng  soil  moisture;  ''cist  enou  h to  insure  germination. 
Classification  of  soil:  I'Tot  '':nc’.*m. 

Pro-'erties  of  soil:  Fot  hnovrn. 


20.2'i  damming  0'"f 
25.3'  damming  off 
17 .6  damming  oi^f 
15. 9' > damming  off 
11.1  A dam-ping  off 
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?un,^i 


5.  '~'est  vrith  the  v'ilt  fun^^us  ('^usarlum)  of  sveet  t>otatoes. 

L.  L.  Harter,  Beltsville,  Md.  reioorting. 

Procedure:  '^he  soil  in  a greenhouse  gro’und  ted  had  heen  used  three  years 
for  grovnng  "beans.  Hiis  soil  v^as  reTno''.''ed  to  a deuth  of  about  10  inches 
and  replaced  vith  new  soil  from  the  farm.  Ohe  bed  vras  then  divided  into 
6 blocks.  Sv.^eet  uotato  vines  and  roots  infected  vuth  the  vrilt  organism 
vrere  vrorked  into  the  soil  of  3 of  the  blocks  and  allcv^ed  to  rot  for 
l"^  da^'s , vfhen  2 these  inoculated  blocks  v^ere  treated  with  the  crude 
D-0  mixture,  20cc  injected  at  depth  of  6 inches  in  holes  12  inches  apart 
in  staggered  rov's  of  12  inches  distance,  -eighteen  da^'-'s  after  treatment 
50  svreet  potato  plants  v.-ere  set  in  each  of  the  3 inoculated  blocks. 

Resijlts;  Unsatisfactory  control  of  the  sweet  Pctatowll.t  fungus. 


3f f icacy  of  treatment  about  U5P.  " : 

Uffect  of  treatment  on  f-gngus  in'^estation  in  reducing  the  number  of 
infected  plants; 

Of  ICO  plants  in  the  tvp  treated  blocks,  ll(or  ll^O  were  infected. 

Of  5c  plants  in  the  single  imtreated  block,  12  (or  2^1)  i-^e-^e  infected. 

effect  of  treatment  on  sweet  potato  plants; 

There  vfas  no  retarding  nor  an’'’  stimulating  e-''-^ect  observed  on  the 
plants  of  the  treated  blocks  as  compared  with  those  of  the  untreated  one. 

Conditioning  soil  terroera t^ure : Hot  loicv^n. 

Conditioning  soil  moisture;  Hot  kno'-'n. 

Classification  of  soil:  Hot  ^onown. 


Properties  of  soil: 


Hot  i^no’Tx, 
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Fungi 


6.  Miscell/^mecus  tests. 


33. 


AA.  'Tests  At  the  Ohio'  A/iricultural  ilxuerimf’nt  Station,  ''^ooster,  Ohio. 

H.  C.  Young  re-oorting. 

These  tests  included  the  seedling  disease  of  sugar  beets,  the 
"’usari'jm  T^ilt  ajid  the  Verticillium  wilt  of  tomatoes. 

In  every  case  the  results  v'ere  negative. 

It  is  concluded  that  the  3-D  mi::ture  has  only  slight  fungicidal  effect. 
No  details  of  e.x'oeriments  are  available. 


'^est  at  the  t/estern  Washington  Dxueriment  Station,  , Washington. 

C.  J.  Gould  reporting. 


Preliminary  laboratory  tests  npilying  the  D-D  mixture  as  a dip  against 
the  basal  rot  fungus  of  daffodils  were  not  sufficiently  promising  to 
verfant  field  tests.  , ■ • ^ 

OC  Tests  at  the  Pineapnle  Research  Institute,  Honolulu,- T,  H.' 

3.  J.  Anderson  reporting. 

"In  the  course  of.  brief  tests,  it  appeared  that  the  D-D  mixture 
when  applied  to  soil  under  controlled  conditions  ,^nd  in  small 
quantities  at  the  rate  of  about  200  lbs.  per  acre  foot,  was  very 
ef-iective  against  a.Pythium  species , prabably  P,  graminicolum. " 

Conclusions  as  to  the  value  of  the  D-D  mixture  for  the 
control  of  soil-borne  fungi  . 

The  results  here  reported  of  preliminary  tests  indicate  that  the 
D-D  mixture  possesses  suf:ficient  f^ongicidal  value  to  warrant  further 
, study.  In  some  of  the  tests  it  ^-ras  fo'und  effective  against  Fusarium 
v'ilt  and  certain  fungi  causing  damning-off.  Other  tests  gave  less 
satisfying  results  but  the  character  of  the  data  presented  suggests 
that  a full  knowledge  of  the  conditioning  factors  for  high  ef:^icacy 
may  prove  the  present  fumigant  also  more  fully  effective  against 
such  fungi  as  Rhizoctonia  solanl  and  Solerotium  rolf sii. 
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SECTIOH  C.  BTSSCTS 


The  larvae  of  many  groups  of  insects,  as  well  as  some  ad'ults  such  as 
termites  ejid  ants,  live  in  the  soil.  The  most  troublesome  in  fanning 
operations  are  the  younger  stages  of  certain  families  of  beetles.  These 
grubs  and  v/ireworms  feed  on  the  roots  of  plants  end  while  capable  of  de- 
stroying the  entire  crop  more  commonly  cause  a substantial  reduction  in 
yield.  They  may  be  partially  controlled  in  many  instances  by  following 
certain  rotation  and  cultivation  practices,  but  there  is  need  for  an  in- 
expensive chemical  treatment  that  would  rid  the  soil  of  such  pests  where 
valuable  crops  are  to  be  planted. 

Virev/orms 

The  following  summary  of  the  economic  importance  of  wireworns  and 
the  resumecof  control  measures  has  been  prepared  by  ¥,  H.  ’’^ite.  In 
Charge,  Truck  Crop  and  Garden  Insect  Investigations  and  C.  M.  Packard, 

In  Charge,  Cereal  and  Forage  Insect  Investigations. 

Wireworms  have  been  known  for  at  least  I50  years  as  one  of  the  im- 
portant native  insect  pests  of  agriculture  in  the  United  States.  They 
are  easily  recognized  by  their  shiny,  wirelike,  yellow-  to  orange-colored 
bodies  and  by  their  habit  of  feeding  only  on  the  underground  portions  of 
plants.  Many  different  kinds  attack  cultivated  crops,  under  all  condi- 
tions of  climate  and  soil.  Certain  species,  the  Pacific  Coa.st  wireworm 
(Limonius  canus  Lee.),  the  sugar-beet  wireworm  (L.  cal  if  o minus  (Mann.)), 
the  western  field  v/irev/orn  (L.  infuscatus  Mots.),  and  the  Columbia  Basin 
wireworm  (L.  suba.uratus  Loc.T),  hovrever,  are  csurcially  destructive  to 
the  crops  grown  on  the  irriga.ted  lands  of  the  Pacific  Northwest.  These 
wet-land  wirevrorma  are  native  to  the  region;  but,  because  of  the  dry 
soil  conditions  of  the  greater  portion  of  the  land  during  the  practically 
rainless  summer  months,  they  were  originally  restricted  to  the  naturally 
damp  soils  near  streams  and  lakes.  ¥hen  irrigation  vras  introduced  into 
the  drier  areas,  however,  these  wet-land  wireworms  began  migrating  to  the 
places  made  more  favorable  by  the  use  of  water  throughout  the  dry  season. 
At  present  various  species  of  those  wireworms  are  found  in  destructive 
numbers  on  nearly  all  the  irrigation  projects,  both  private  and  govern- 
mental, in  Washington,  Oregon,  and  Idaho,  as  v^ell  as  in  northern  Utah  and 
western  Montena,  In  addition,  they  are  gen-^relly  distributed  in  the  wet 
coaatal  belt  west  of  the  Cascade  Mountains,  vfherc  they  occasionally  cause 
damage  on  the  more  intensively  cultivated  lands. 

It  is  difficult  to  estimate  the  damage  done  by  wireworms  in  dollars, 
but  the  loss  to  farmers  runs  into  scverol  millions  annually.  l^Qlile  no 
crop  is  knovn  to  be  entirely  immune  to  the  attacks  of  wireworms,  such 
vegetable  crops  as  potatoes,  corn, small  grains,  onions,  lettuce,  melons, 
beans,  and  sugar  beets  are  oarticularly  susceptible  to  injury.  The  av- 
erage annual  loss  from  dana.ge  to  the  marketable  potato  crop  alone  amounts 
to  approximately  $4,000,000  in  the  four  States  of  Washington,  Oregon, 
IdoJio,  and  Montana,  The  proba-ble  total  loss  to  truck  farmers  on  the  ir- 
rigated lands  of  tloe  se  states  exceeds  $6,000,000  annually.  Besides  these 
direct  financial  losses  from  !thc  destruction  of  seed  and  the  reduction  in 
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volume  of  freight  to  transportation  companies,  increased  financial-  risks 
to  hanks  and  loan  companies,  and,  finally,  in  extreme  instances,  the  neces- 
sity for  a complete  change  of  farming  methods  in  a community.  . 

The  wheat  wirevrorm  (Agrjotes  mancus)  of  the  northeastern  and  Middle 
Western  States,  the  com  vdrev'orms  (Melanotus  spp.)  of  the  Middle  Atlantic 
and  ne'--  England  States,  and  the  Mississipui  Valley,  the  meadow  wireworms 
(liiionius  sup.)  and  the  com  and  cotton  v'ireworm  (Horistonotus  uhlerii) 
and  the  Gulf  v/i reworn (Heteroderes  la.urentii)  all  constitute  pests  of  ag- 
riculture in  these  regions  and,  besides,  in  the  dry  farming  area  regions 
of  the  northwest,  and  the  '^-^et  regions  of  the  northern  Middle  ^•’’est,  the 
dry  land  wireworm  ( Corymb ites  noxius)  causes  annual  damage.  The  tobacco 
crop  in  the  Connecticut  Valley  and  in  the  bright  tobacco  belt  of  the 
Carolinas  is  injured,  particularly  following  transplanting  of  the  tobacco 
from  the  seedbed  to  the  field,  by  wirevrorms  belonging  to  the  genus 
Agriotes. 

The  vegetable  crops  in  some  areas  along  the  Atlantic  Seaboard  and 
in  new  York  State  as  far  north  a.s  Maine  are  also  subject  to  injury  by 
these  pests. 

The  control  of  wireworms  or  the  reduction  of  crop  losses  from  the 
feeding  of  these  subterrenenn  pests  has  boon  accomplished  in  many  in- 
stances by  crop  rotation  or  land  handling.  It  is  beyohd  the  realm  of 
economic  practice  to  treat  l^irge  fields  of  low  priced  crops  v'ith  chem- 
icals for  the  control  of  these  pests,  therefore  the  matter  of  land  handling 
has  been  resorted  to  as  a means  of  preventing  injury.  In  the  irrigated 
lends  of  the  northwest  and  in  California  and  in  some  high-producing  areas 
of  the  Eastern  Sta.tes  ■ chemical  control  has  been  practised.  This  consisted 
of  treating  the  soil  with  chemicals  such  as  naphthalene,  carbon  bisulfide, 
or  calcium  cyanide.  Calcium,  cyanide,  has  been  used  with  varying  results, 
particularly  in  California.  The  practice  in  the  use  of  this  material  is 
first  to  plant  the  area  vrith  low-grade  seed  which  servos  to  concentrate 
the  Wireworms,  as  they  are  attracted  to  these  sprouting  seeds,  and  the 
calcium  cyanide  is  applied  directly  to  this  seeded  area.  After  a,  week 
op  10  days  has  elapsed  the  main  crop  of  seed  is  planted.  The  use  of 
carbon  bisulfide  has  been  restricted  because  of  the  difficulty  in  its 
application  and  also  the  cost  of  the  material,  Dichloroethyl  ether  has 
also  been  used  to  a limited  extent,  in  California,  on  a commercial 
basis.  More  recently  -in  ’‘Washington  State'  naphthalene  has  been  applied 
at  the  rate  of  3OO  to  800  pounds  ner  acre  at  the  ti.me  of  the  plowing  of 
the  soil,  '-ith  fairly  good  results.  Naphthalene,  in  its  crude  form,  is 
cheap  enough  to  use  on  lands  ^^rhich  are  heavily  infested  with  wireworms 
and  which  arc  to  be  planted  to  crops  that  yield  a comparatively  large 
return  per  acre.  The  crop  retention  vrork  in  the  irrigated  lands  has 
sho'-n  that  alfalfa  land  is  not  particularly  suitable  for  wireworm  de- 
velopmont  but  that  some  of  the  clovers  are  attractive  to  the  wireworms 
as  well  a.s  the  lands  that  are  planted  to  a crop  which  is  tilled.  Crop 
rotations  which  include  alfalfa  have  been  recommended  as  a means  of  re- 
ducing wirc”orm  populations.  Another  method  of  control  in  irrigated 
I'lnds  consists  of  withholding  irrigation  water.  This  results  in  a re- 
duction of  the  crop  but  at  the  same  time  the  wirev/orms  cannot  \rithstand 
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the  drying  out  of  the  soil.  Flooding  the  land  for  a fev/  days  when  the 
soil  temperatures  remain  above. 6S  F.  has  also  been  effective  in  killing 
wirev.'orms.  However,  none  of  these  methods  have  proved  to  be  effective 
under  all  conditions,  the  effectiveness  of  -the  artificial  treatment  vary- 
ing apparentl3»-  with  the  type  of  soil  and  climatic  conditions. 

VJhite  grubs  and  other  beetle  larvae 

!\'hite  grubs  are  among  the  most  destructive  of  soil'  insects.  They 
attack  grasses,  grains,  potatoes,  strawberries,  nursery  stock  and  most  cul- 
tivated crops.  V/hile  highly  injurious,  the  use  of  soil  insecticides 
against  them  is  usually  considered  prohibitively  expensive.  Lead  ar- 
senate has  been  used  extensively  on  lawns  and  golf  greens  to  control 
the  larvae  of  Japanese  beetles  and  various  other  grubs.  Carbon  disulfide 
and  ethylene  dichloride  are  also  useful  under  special  conr’itions.  The 
potential  value  of  a new  soil  fumigant  for  pests  of  this  type  would  de- 
pend on  its  comparative  cost  and  effectiveness.  In  many  instances  it 
is  desirable  to  treat  the  soil  while  the  grass  or  crop  is  present.  The 
destructive  effect  of  DD  mixture  on  plant  life  v/ould  therefore  limit 
its  usefulness  in  such  cases. 


Other  insects 

Brief  tests  as  to  the  possibility  of  using  DO  mixture  in  the  control 
of  termites,  ants,  mealybugs  and  mosquito  larvae  are  also  reported. 

WIRMORM  TESTS 

Test  at  the  Yentura  and  Salmas,  UaJ.ifornia,  field  stations  of  the 
Bureau  of  Entomology  and  Plant  Quarantine. 

(M.  W.  Stone  reporting  from  Ventura,  except  as  indicated) 
Results;  Wireworms  successfully  killed. 

Effect  on  plants:  No  damage  to  plant  when,  seed  was  planted  6 da.ys  after 

treatment. 

Dosage;  Mortality  of  100^-  resulted  from  applications  at  2.81  cc  per 
soua,re  foot  or  over  (about  3^0  pounds  per  acre);  80/o  v/ere  killed  by 
2.34  cc.  Only  32^  vjTore.  killed  at  a depth  of  12  inches  by  1.25  cc  per 
square  foot  in  the  open,  although  dosages  , as  lov;  a,s  0.72  cc  per  square 
foot  vrere  made  effective  in  pots  and  flats.. 

Insects  used:  Suga.r  beet  wirei'^orms  Limonius  cal i f o rn i cus • 1./ 2.  to  3/^ 

inch  long.  - ' 

Experiment  1;  Eight- inch  pots,  soil  temperature  42^  to  soil, 

sandy  losm,  moisture  12.  to  l4  percent  by  weight. 
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Undiluted, 
crude  DD 
emuls ion 
per  sq.,  ft. 

;i--,  ■ , . , 

: Dilution 

. \ 

: Amount  of  dilute 

rempision  apolied 
;per  S-inch  pot 

-• 

; Tirae‘’be- 
; tween  • 

: treatment 
Jand  exem- 
; Inatlon 

: Wireworms 
: per 

: pot 

• 

• 

• 

^Mortality 

• 

• 

O'" 

cc  per  gal. 

Quart 

Number, 

Per.  cent 
— ■ 

..  0.1S-,  , . 

■>  0.25  • 

’ 1 

..  ..5 

•55  to  59 

40.0 

0.50  • 

■ ' ' 1./  . .. 

5 

55  to  59 

93*1 

.5^ 

0.75 

'■  '.  I.  • 

: 5. 

55  :,to  59 

98.3 

.72 

'I.O 

' ' .1 

5 

55  to  59 

9S.2 

.72 

1-.0 

'.,1  . • 

3 

54  to  SO 

9S.7 

.72 

'1.0 

■ : 1 . 

2 

54  to  so 

'91a 

.72 

1.0 

' 1 

1 

54  to  SO 

66.2 

Experiment  2;  Cull  beans  planted  in  rpvrs  1.5  cc  of  crude  I3D  applied  as 
emulsion  diluted. I.5  cc  pei^gallon,  per  foot  of  row.  The  wlrev  orm  mor- 
tality was  95^  in  4 days. 

Experiment  Field  trial.  Chemical  injected  into  soil  on"e  inch  at  rate 
of  29.,. 57.  pc  (one  "luid  ounce)  at  each  corner  of  squares  of  varying  sizes. 
Wirevrorms  inserted  in  soil  in  screen  cages  at  center  of  square.  All  wire- 
vrorms  were  killed,  1 to  17  inches  below  surface,  in  the  case  of  ‘ all  squares 
of  22  inches  and  less.  Mortality  70>  for  24- inch  squares.  As  a comparison, 
carbon  disulfide  gave  100^  mortality  only  in  those  squares  of  I6  inches  or 
less.  Note.  The  dosage  of  DD  in  this  instance  was  apnarently  much  hi^er 
than  necessary,  but  22- inch  intervals  represented  the  maxinfum  effective 
lateral  penetration  even  for  this,  dosage,  • ' 

Experiment  4t  Field  trial.  Soil  temperature,  uncertain  but  believed  to  be 
between  63°  and  92°  F. ; soil,  sandy  loam,  moisture  l4^  to  l6^.  Cages 


examined  5 days  after 

treatment.  DD 

emulsified  and  sprayed  on  surface. 

Undiluted  : : 

; Amount  of 

crude  DD  - : Dilution 

: dilute  emuls- 

:■  , Depth  of  >, 

Mortality 

emulsion  : : 

:don  per  square 

: . wireworms  .V 

per  so. ft. : , „ 

; foot  , ' ' 

* ’ r • • 

• • 

^ cc . - cc  per  gal. 

Quarts 

Inches 

Per  Cent 

1.25  1.00 

5 ■ 

’.S 

; 30 

12 

32 

16 

0 

2. SI  1.25 

9 

4 to  16 

100 

3.00  1.50 

■ -s 

4 to  16 

100 

0 (check)  0 

0 

4 to  16 

3 

‘Following  this  e:^eriment,  6 days  after  treatment,  lima  beans,  corn, 
peas,  yams  and  tomatoes  were  olanted.  Within  1?  days  there  was  no  dif- 
ference in  the  size,  appearance,  or  numbers  of  plants  in  the  treated 
or  untreated  plots. 
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Sxperiment  3.;  Field  trial.  DD  mixture  emulsified  and  apnlied  to  one- 
fourth  acre  in  irri:^ation  ''ater.  A dosage  of  2.34  cc  of  crude  DD 
emulsion  per  square  foot  (in  a-,  dilution  1,17  cc  per  gallon  applied  at  2.0 
gallons  per  square  foot)  gave  80  percent  mortality  of  xirireworms  in  the 
top  16  inches  of  soil,  Lina  heans  growing  in  the  plot  at  the  time  "were 
injured."  A dosage  of  4.29  cc  per  square  foot  applied  in  2.9  gallons  of 
irrigation  vfater  per  square’ foot  on  one-third  acre- killed  all  vrirewonns 
found. 


Experiment  6. ; (Report  by  D,  F.  York,  Salinas,  Cal,)  greenhouse  trial.  DD 
mixture  shaken  up  v;ith  vrater  (no  emulsifier)  at  I.5  cc  per  gallon  was 
s-orinkled  on  6 greenhouse  flats,  3 inches  deep,  each  of  vhich  had  pre- 
viously been  artificially  infested  with  10  wireworms.  Dosage  was  0.75 
cc  of  straight  DD  per  souare  foot.  No  wireworms  survived  in  the  treated 
flats  after  7 days  except  8 which  were  "moribund".  The  ■ "germination  of 
guayule,  grass,  and  weed  seeds  was  retarded  for  the  first  seven  days  but 
there  was  no  subsequent  residual  injury. 


VraiTE-GRUB  TESTS, 


Tests  in  Indiana,  New  Jersey,  and  South  Carolina,  at 
Field  Stations  of  the  Bureau  of  Entomology  and  Plant 

Quarantine 


I 


Results;  Wliite  grubs  and  other  beetle  larvae  killed  at  dosses  1.28  cc 
per  square  foot  and  over.  , ‘ * 


Effect  on  plantq;  '‘There  palm,  grape,  or  fern  v;ere  growing  in  the  soil 
at  the  time  of  treatment  they  were  severely. injured  or  killed;  azaleas 
were  slightly  injured.  “ • 


Experiment  1;  a.  C.  Mason,  R.  D.  Chisholm,  and  R,  If.  Cowles,  Moorestoiim, 
N.  J. , and  ’'ashington,.  D*  . Q.  ; Japanese  beetle  larvae;  various  ■ tests, 
July  to  September  1943.  Sqil  dry.  A crude  DD  mixture  was  emulsified, 
diluted,  and  sprayed  on  surface. 


Amount  of  : 
straight  : Nature  of 

Dilution 

J 

Amount  of 

Depth 

(crude)  DD  : treatment 

dilute  emuls- 

of  grubs 

Mortality 

per  souare  ; 
foot  ; 

;ion  per  square  ^ 
foot 

CC 

Cc  per  gal. 

^a.rt  s 

Inches 

Per  Cent 

4.2 

Plot  surface 

19.0 

0.89 

4 to  9- 

100 

1.28 

pots 

9.5 

0.54 

— 

9S 

1.56 

pots 

19. 

0.54 

— 

100 

5.11 

pots 

3S 

0.54 

— 

100  ' 

0 (check) 

pots 

0 

0 

■ 

32 

Experiment  2.  A.  0.  Mason,  E.  D.  Chisholm,  and  R.  Cov^les,  Mooresto^n, 

N.  J. , and  ’’Washington,  D.  C.  Japanese  baetle  eggs  we:-e  killed  in  treated 
soil,  but  ’-:ere  not  affected  by  10  seconds  immersion  in  dilute  DD  emulsion. 
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Experiment  3»  P.  Lp-^inbill,  Lafayette,  Indiana,  ’’•^ait'^  ^nibs  (Phyllot>hnya 
spn.)  treated  in  tin  ointment  Loxes.  On  Septembier-  20,  19^3*  I'^^rvae  in 
soil  were  treated  in  each  of  six  tin  ointment  "boxes,  one  la:’va  ’’n  each 
box,  usin^  dilute  emulsions  at  dosa<^es  such  that  from  .025  to  .05  cc  of 
straight  DD  was  employed  in  each  box.  All  the  larvae  ’ 'e'rbukilled.  The 
dosage  rate  may  be  considered  as  0,77  cc  per  square  foot,  but  the  ef- 
fectivene-ss  was  intyncifiad  by  the  closed  nature  of  the  container. 

Experiment  4.  Forman  Allen,  Florence,  S.  C,  G-rubv'orms,  lervae  of  the'- 
green  June  beetle  (Cotinis  nitida),  tr'~ated  in  tobecco  ulant  beds.  On 
October  2,  1943,  DD  mixture  was  apolied  to  the  sur  'ace  of  certa^in  nlots 
formerly  used  ps  tobacco  plent  beds.  The  soil  had  nreviously  been  in- 
fested artificially  with  50  half-grovn  larvae  per  saua.re  yerd. 

As  indicated  in  the  table  below,  the  dosages  were  very  high.  All 
larvae  in  all  tests  v^ere  killed  or  moribund  except  two  thet  i,i^ere  still 
alive  and  active  two  days  after  treatment. 


Amount  of 
straight  DD 
per  square 
foot 

t Dilution 

; Amount  of  : 

: dilute  emulsion  ; 
: per  sq^jare  foot  ; 

• • 
• B 

• 

• 

Depth  : 

of  : 

grub  s : 

Mortal ity 

cc 

cc  per  gal. 

Quarts 

Inches 

Per  cent 

U2 

189 

.39 

5 to  6 ' 

100  , 

S4 

379 

.S9 

5 to  6 

100 

l6g 

757 

.89 

5 to  6 

100 

47 

189 

1.00 

5 to  6 

89* 

*Th:-  la.st  test  was  on  October  12;  3 cf  the  l^^rva.e  counted  h rr  as 
dead  were  only  "moribund"  at  the  time  of  examination  on  October  lU. 
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PINK  BOLDVORM  TESTS 

Tests  at  Brownsville,  Tex.,  field  station  of- 
Bureau  of  Entomology  and  Plant  (JaaTantlne 

(Reported  "by  L.  C.  Fife,  A.  J.  Chapman,  and  Ivan  Shiller) 


Results:  All  uink  bollworm  larvae  used  in  the  experiment  were  killed  hy 

DD  mixture. 


Dosages;  4. '4+  cc  per  square  foot  throughout.  Presuraahly  smaller  dosages 
will  be  acequate  to  kill  this  insect. 

Insects  Used;  Cotton  pink  bollworm  larvae  (Pectinophora  gossypiella) ; 
both  long-cycle  and  short-cycle  forms. 

Experiment  1;  September  25  to  28,  1943,  Laboratory  trial.  Layer  of 
infested  cotton  bolls  placed  in  box  (l6  by  l6  by  I3  inches)  covered 
with  6 inches  of  soil.  7*S6  cc  of  DD  mixture  injected  undiluted  six 
inches  deep  in  center  of  box;  dosage  4.4  cc  oer  square  foot.  Larvae 
counted  at  end  of  experiment  3 days  later  and  proved  to  numher  46 
short-cycle,  all  dead.  : j ' 


Eaperimpnt  2;  Same  dates.  Field  trial. Layer  of  infested  cotton  bolls 
(l4  pounds)  spread  out  over  area  of  6 by  3 feet  and  covered  vrith  6 
inches  of  soil.  10  cc  of  undiluted  DD  v;ere  injected  into  each  of 
several  holes  18  inches  apart,  giving  n dosage  of  4, 44.ee  per  scuare 
foot.  At  the  end  of  the  experiment  3 -days  after  treatment,  half  the 
bolls  wore  examined  and  24h  dead  long-cycle  larvae  foipid.  Larvae  were 
killed  at  least  9 inches  from  the  point  of  application.  The  black 
sandy  loam  soil  v/as  practically  saturated  with  hpovy  rains  throughout 
the  experiment. 

TESTS  ON  MISCELLANEOUS  INSECTS 


Tests  at  Gulfport,  Miss.,  field  station  of  the 
Bureau  of  Entomology  and  Plant  Quarantine 


(Stephen  S.  Easter  reporting) 


Result*^;  ’'/hr’.te- fringed  beetle  larvae  killed  by  the  use  of  large  quanti- 
ties, but  DD  mixture  v^as  not  fovuid  as  effective  or  economical  as  methyl 
bromide. 

Dosages:  Complete  mortality  did  not  result  in  the  open  even  from  24  cc 
per  souare  foot,  ^'hen  the  area  was  cover'-d  with  paper,  12  cc  per 
square  foot  killed  all  the  beetles. 

Insects  r.sed:  ^Vhite-frinered  beetle  lervae  (Pantomorus  per»^grinu5) ; 

natural  infestation. 

Experimental  tests;  Coarse  sandy  loam;  soil  temma-ature  70°-75°  F. ; rain 
fell  but  soil  not  exc^^ssively  wet. 
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Mortality 
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Per  Cent 

DD 

^.0 

None  » • 

69 

DD 

3.0 

Paper 

50 

DD 

6.0 

None 

77 

DD 

6.0 

‘ Paper 

57  - 67 

DD 

5.3 

Paper 

56 

DD 

1$.0 

None 

71 

DD 

12.0 

Paper 

100 

DD 

24.0 

None 

. 94 

DD 

24.0 

Paper 

100 

Methyl  bromide 

1.13  to  2.37 

Paper 

100 

Miscellaneous  tests  by  employees  of  the  Bureau 
of  Entomology  and  Plant  (^a.rantine 

Experiment  1;  F*  F.  Bondy  and  C.  R.  Rainwater,  Florence,  S.C.‘  DD  mix- 
ture shaken  up  with  water  (no  emulsifier)  applied  at  the  rates  of  1.25 
. cc  and  7*6  cc  of'DR  respectively  per  linear  foot  of  soybean  (light 
sandy  soil)  row  failed  to  kill  mealybugs  and  ants,  (However,  at 
Beltsville,  Md.,  ant- infested  2 by  4 stake  was  treated  with  10  «c 

of  mixture  with  ap-oaTently  complete  control”  - L.  W.  Orr.) 


Experiment  2;  C.  II.  'Irjullin,  Portland,  Ore.  DD  mixture  added  (3^)  to 
diesel  oil  and  apulied  to  the  surface  of  the  vfa.ter  in  enameled  pans 
only  resulted  in  killing  '4f^  to  l6^  of  the  mosquito  larvae  present,  as 
compared  to  6lfj  mortality  from  Hopco  12l6  in  diesel  oil  in  a 
simultaneous  comparable  test. 


Experiment  3-  R*  *•  Cotton,  Manhattan,  Kens.  Crude  DD  mixture  at  23.59  rag. 
per  liter  killed  call  the  rice  weevils  (Sitophilus  oryzae)  in  wheat,  and  at 
70.79  rag  per  liter  (S  lb.  per  1000  bushel)  killed  all  the  flour  beetles 
(Tribolium  castaneun)  in  wheat.  It,  however,  gave  such  a strong  odor  to 
the  wheat  as  presumably  to  cause  it  to  grade  "samule  grade.” 

Experiment  4;  Beltsville,  Md.  DD  mixture  injected  6 inches  deep  into  the 
soil  around,  and  4 inches  away  from,  infested  posts  at  the  rate  of  20  cc 
and  4o  cc  per  post  killed  all  the  termites;  at  10  cc  per  post  the  ter- 
mites v/ero  killed  except  in  one  in'^tance.  V^ithin  12  inches  below  the 
surface  most  v'eevil  and  borer  larvae  were  also  killed  but  those  in  that 
part  of  the  post  deeper  than  12  inches  mostly  survived.  The  mixture’s 
usefulness  for  this  purpose  may  be  limited  by  its  volatility,  causing 
the  ef •^'■'ct ivrn-ss  to  be  only  temporary.  ' 
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Conclusions  as  to  the  value  of  DD  mixture  as  a soil  insecticide 


l\  DD  shov/s  definite  promise  of  value  in  the  control  of  wirevvorms  in  the 
irrigated  areas  of  the  Western  States, 

2%  Minimum  effective  dosages  have  not  yet  been  r^orked  out  but  indications  thus 

;^ar  are  that  its  ‘'.se  nay  be  economical  in  the  case  of  valuable  crops  to  be 

planted  on  infested  soils.  It  is  probable  tiiat  considerable  quantities  can 
be  used  for  this ’ curpose, 

3.  probably  can  not  be  used  to  eliminate  ,wirev/orns  in  soils  already  planted, 
ymthout  severe  irjur;,''  to  the  crop,  ' 

4.  In  the  dry  soils  in  \/bich  it  was  trie'^  in-,  the  West,  seven  days  from  the  date 

of  treatment  see'iet  -co'.  be  a sufficient  period  to  allovr  the  mixture  to  dissipate 

after  v;hich  crop’s  ' ;re  -planted  v/itliout  injury.  Much  longer  periods  were 
needed  in  tne  G. :or  la'  tests. 

5.  It  is  still  doi  btful  vrhether  it  V'n.11  prove  economical  to  use  DD  against 
whitegrubs  ana  related  beetle  larvae,  v/hich  can  be  controlled  by  chemical 
treatments  already  unoT/n  in  those  instances  ;;here  the  plants  to  be 
protected  re  sufiiciently  valuable  to  justify  the  expense. 

6.  DD  readily  killed  the  larvae  of  cotton  pink  bollworm  in  the  soil,  and  its 
usefulness  in  the  eradication  of  local  outbreaks  of  this  pest  should  be 
■evaluated  by  further  investigations. 

7.  ■ DD,  while  effective  against  v/hite-f ringed  beetle  larvae,  i»'as  not  found  to  be 

as  economical  as  methyl  bromide,  which  is  already  in  use  for  that  purpose, 

8.  DD  killed  termites  and  other  wood-infesting  insects,  b.t  in  view  of  its 
volatility  there  is  some  question  as  to  whether  it  v;-ill,  find  a place  in  the 
control  measures  directed  against  this  type  of  insect, 

9.  DD  has  so  far  not  been  found  of  value  against  ants,  mealy  bugs,  or  mosquito 
larvae . 
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- S3<3TIOU.  D;  IC IDAL  EFFECT  . ON  PM^^S  AITD  M IS CELLAICEOUS  0RGAIUSM5 

Tests  at  YakL-na,.  Wash.  i field  station  of 
Bureau  of  Entomology  and  Plant  Quarantine 

(Report  by  E.  J.  ITewcoraer) 

Results;  Whether  DD  mixture  is  an  effective  herbicide  for  killing  pear 
st'omps  is  still  uncertain. 

ITature  of  Experiment;  September  11,  1943*  made  tests  all  the  way 

from  4 ounces  to  ^4  ounces  per  stump,  dividing  each  dosage  into  four 
equal  parts  put  into  shallovr  holes  dug  at  eoual  distances  around  the 
stumps.  These  holes  were  placed  within  a foot  of  the  stump.  We  also 
made  two  tests  using  8 ounces  and  l6  ounces,  each  divided  into  8 doses 
put  into  holes  } feet  from  the  st\amp.  Today,  5 days  later,  there  is 
not  yet  any  apparent  effect  from  the  treatment  exceut  that  on  the  stump 
treated  vri  th  ounces  some  of  the  sprouts  shoi'?  discoloration  of  the 
inner  bark.  This  indicates  that  the  material  will  probably  affect  the 
growth  but  that  the  effect  is  rather  slow.” 

By  September  from  one-sixth  to  one-half  of  the  sprouts  on 
the  stumps  treated  with  from  U to  32  ounces  were  dead  or  dying.  The 
stump  treated  with  64  ounces  appeared  entirely  dead. 

Laboratory  Tests  on  the  Efficacy  of  the  DD  Mixture 
for  the  Partial  Sterilization  of  Soil 

Prepared  by  Nathan  R.  Smith 

The  DD  mixtiire  at  the  rates  of  200  and  400  pounds  per  acre 
added  to  Sassafras  sandy  loam  that  v^as  nearly  air  dry,  moist,  and  very 
wet.  The  soil  was  placed  in  large  wide-mouthed  flasks,  the  DD  mixture 
placed  at  the  center  near  the  bottom,  the  flask  stoppered  and  kept  at 
room  temperature.  After  2 days,  the  soil  v^as  poured  out  into  a thin 
layer  to  allow  the  disinfectant  to  evaporate  and  analyses  made  the  next 
day  for  fungi,  actinomyeds,  bacteria,  and  protozoa. 

In  the  moist  series,  the  DD  mixture  at  the  400  pound  rate  reduced 
the  fungi  from  about  200,000  per  gram  of  soil  to  less  than  200  per  gram; 
the  actinomyces  from  over  3 millions  to  1 million;  the  bacteria,  from 
27  millions  to  3.5  millions;  and  the  protozoa  from  ^00  to  none.  With  the 
200-pound  rate  of  application  of  the  disinfectant  less  red.uction  took 
nlace  in  the  numbers  of  fungi,  actinomyces  and  bacteria,  but  the  protozoa 
were  all  killed.  In  the  dry  soil,  similar  results  were  obtained  but  in 
the  wet  soil  much  less  reduction  in  the  numbers  of  the  microorganisms 
took  place  and  all  the  protozoa  v^ere  not  killed.  The  odor  of  the  disin- 
fectant persisted  in  the  soil  for  severrl  days  in  spite  of  the  good  aera- 
tion it  received  before  and  after  the  analyses.  ' 
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These  preliminary  results  indicate  that  the  DD  mixture  vrill  partially 
sterilize  soil*  that  the  protozoa  are  wined  out^hy  the  recoramended  dosage, 
the  fungi  greatly  reduced,  the.  actinomyces.  arijd'''bactej:ia.  cons-if’erahly 
duced,  and  that  too  much  moisture  interferes  with  its  efficiency.  It  ap- 
pears to  "be  slightly  less  effective  on  the  general  soil  population  than 
chloropicrin  which  vras  tested  under  similar  conditions  a few  years  ago. 
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SECTION  E:  PRECAUTIONS  TO  BE  OBSERVED 

^ ' ■ ■ * - ■ ' 

1 . Toxicity  to  plants; 

(a)  In  addition  to  the  notes  on  this  subject  in  connection  with  the 
various  tests  on  nematodes  and  insects,  P.  M.  Oilmer  (BE&PQ)  renorts  a 
series  of  snecial  tests  at  Tifton,  Ga. , that  indicate  persistent  toxicity 
to  plant  growth  in  certain  soils,  far  "beyond  the  7 days  apparently  adeauate 
elsewhere  for  dissipation  of  the  effect  of  DD  mixture  in  the  soil.  His 
report  is  as  'follovrs:  ' 

"Two  sets  of  'experimental  pla.ts  were  laid  out,  platfe  "being  approxi- 
mately l6  feet  Square  and  arranged  in  a series  of  Latin  squares.  These 
squares  carried  the  follovung  treatments: 

"First  Series  - check,  2,  4,  and  8 cc  of  DD  mixture  introduced 
every  18  inches, 

"Second  Series  - check,  1,  2,  and  4 cc  of  DD  mixture  introduced 
every  l4  inches. 

"This  last  set  gives  an  8- inch  circle  for  each  dosage,  since  the 
centers  of  introduction  v/ore  laid  in  the  comers  of  a l4-inch  eaui- 
lateral  triangle.  The  last  series  has  "been  in  the , ground  only  a few 
v'eeks  time,  the' first  series  has  "been  in, now  approximately  three  months. 

' "The  first  series  was  planted  in  cow  peas,  the  last  series  was 
planted  to  cantaloups.  It  was  necessary  to  replant  the  first  series, 
some  three  times  and  in  none  of  the  treated  plats  has  a roally  satis- 
factory stand  "l:een  o"btained,  ’7ith  the  heavier  dosages  many  of  the 
early  plantings  failed  to  show  a seedling  emorgence  at  all  ?>nd  in,  the 
later  -olantin.cs  where  seedlings  have  emerged  they  have,  in  general, 
been  badly  damaged,  stunted,  and  in  many  cases  h<ave  died  shortly  after 
emergence. 

"Digging  into  the  soil  on  these  plats  shows  the  chemical  still  to 
be  present  in  sufficient  amounts  to  be  readily  detected  by  smell  at 
depths  of  some  fo\ir  to  eight  inches.  • With  the  second  series,  where 
lighter  dosages  v/pre  used  at  somewhat  smaller  Intervals,  there  has 
been  some  emergence  of  seedlings.  Since  conditions  have  been  very 
poor  for  growth  of  any  type  of  plants  because  of  exceedingly  dry 
weather,  these  plats  do  not  apparently  show  particular  diff'^’rence  in 
stands  between  checks  and  treated  plats.  None  of  the  stands  are  at 
•all  satisfactory.  Emergence  has  been  very  small  end  the  plents  show 
a very  slightly  developed  root  system  at  the  uresent  time.  It  is 
•probable  that  these  plants  have  not  yet  developed  a sufficient  root 
to  reach  the  layers  of  DD  mixture  which  show  here,  as  in  the  first 
series,  quantities  sufficient  at  some  four  to  eight  inches  deop  to 
be  readily  detected  by  odor. 
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"’’’eed  growth  and  grass  gro”th  on  both  of  these  series  has  also 
been  e:cceedingly  poor,  so  it  is  quite  apparent  that  the  soil  has  been 
made  toxic  for  rail  plant  life  and  in  the  first  series  has  remained  so 
for  a period  of  approximately  three  months," 

(b)  G.  T.  York,  Salinas,  Cal.,  reports  that  grass  and  weed  seeds 
were  not  killed  but  their  germination  was  delayed  so  th^t  7 days  after 
treatment  99  grasses  and  213  weeds  had  sprouted  on  the  6 treated  flats 
as  compared  vdth  456  grasses  and  887  weeds  on  the  flats  that  received 
only  water. 

In  another  test,  flats  treated  vrith  DD  mixture, , however,  sho>.-d 
after  l6  days,  more  grasses  (573)  ^^sin  the  untreated  flats  (213), 
indicating  that  the  mixture  had  lost  its  plant  toxicity  during  the 
second  week. 


2 . Toxicity  to  the  Operator 

It  is  apparent  that  spilling  DD  mixture  on  the  clothes  or  shoes  is 
likely  to  result  in  skin  irritation,  a burning  sensation,  and  blistering. 

F.  F.  Bondy  and  C.  F.  Eainwater,  Florence,  S.  C. , report; 

"A  word  of  caution  should  be  made  concerning  the  .effect  of  this 
material  on  the  person  who  mixes  or  applies  it.  In  the  second  test, 
mentioned  above,  where  the  material  was  used  as  a spray,’  the  person 
applying  it  got  his  shoes  pretty  wet  from  the  spray.  In  a very  few 
minutes  there  were  burning  sensations  over  the  entire  top  of  the  feet. 
This  was-  soon  painful  and  the  operator  had  to  taJce  off  his  shoes  and 
socks  and  dry  them  out  thoroughly.  The  fee(t  were  in  a r<=>ddened  condi- 
tion for  a couple  of  da.ys  but  apparently  no  serious  injury  resulted," 

".Also,  v^hilc  shaking  the  sprayer  in  order  to  get  the  material  in 
solution,  some  of  it  spilled  and  the  tank  was  wet  when  the  operator 
strapped  it  on  his  back.  In  a very  short  time  there  was  rather  intense 
burning  on  the  back  of  the  operator  where  this  had  soaked  through  his 
shirt. " 

j 

Dr,  G.  F.  MacLeod,  Berkeley,  Cal.,  reports: 

"DD  mixture  was  spilled  on  the  outside  toe  of  a heavy  field  boot. 
After  two  hours  exposure  to  hot  sun  in  the  open  air,  the  boot  i-^as  put  on 
and  in  less  than  one  minute  inj-ury  occurred  to  the  large  toe.  The  boot 
was  Immed.iately  removed,  Tvro  blisters  about  the  size  of  a Quarter  de- 
veloped within  eight  hours.  These  blisters  were  protected  for  ten  days, 
Diiring  that  period,  the  boots  were  worn  again,  the  blisters  broke,  and 
vrithin  six  hours  pronounced  swelling,  pain,  and  high  erythema  developed. 
This  continued  for  a period  of  two  weeks,  and  we.s  still  evident  to  a much 
less  degree  nine  weeks  later.  There  is  some  question  as  to  ’-whether  or 
not  this  injury  was  entirely  due  to  the  chemical,  since  complications  in 
the  form  of  infection  also  set  in. 
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”It  seems  olDvious,  hov/ever,  that  if  air  is  occluded,  "burning  by 
DD  mixture  vrill  occur  within  a matter  of  seconds.  If  skin  has  been 
broken,  the  seriousness  of  this  burn  vail  be  greatly  increased.  It 
is  therefore  advisable  that  extreme  caution  be  used  in  handling  large 
amounts  of  the  material,” 


Conclusions  as  to  ore cautionary  measures. 

1.  As  in  the  case  of  most  other  effective  fumigants,  certain 
precautionary  measures  are  necessary.  Great  care  should  be  employed 
to  a.void  spilling  TiD  on  the  shoes  or  clothing.  If  so  scilled,  the 
v^et  garment  shc’-ld  be  removed  immediately  to  avoid  injury  to  the 
'■'earer,  and  should  not  be  worn  again  for  at  least  several  days, 
possibly  longer. 

No  evidence  has  been  found  that  root  or  other  plants  grown  in 
DD-treated  soil  involve  any  hazard  as  human  or  animal  food,  although 
it  would  be  desirable  to  put  such  plants  through  the  series  of  toxi- 
cological tests  customarily  used  in  the  case  of  nevr  insecticides. 
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